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ABSTRACT : 

PURPOSE : To obtain a high relative accuracy and an 
absolute accuracy in case 

a polycrystalline semiconductor layer is used for the 
formation of a resistance 

element by a method wherein parts, which are situated on 
the side surfaces of 

step parts on a semiconductor substrate, of the 
polycrystalline semiconductor 
layer are previously removed . 

CONSTITUTION: An anisotropic dry etching is performed to 
remove an oxide 

film on the surface of a polycrystalline silicon layer. At 
this time, the 
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oxide film 109 on the side surfaces of parts, which cover 
gate electrodes, of 

the polycrystalline silicon layer is left. Subsequently, 
thin film layer 110 

consisting of transition metal element, such as tungsten, 
molybdenum or the 

like, or the like or a substance having a selection ratio 
with respect to 

etching with silicon oxide and polycrystalline silicon, 
such as tungsten, is 

selectively grown on the polycrystalline silicon layer. 
Then, after the film 

109 is removed with a hydrofluoric acid, parts, which are 
situated on the side 

surfaces of the gate electrodes, of the polycrystalline 
silicon layer are 

removed using the mixed aqueous solution of a hydrofluoric 
acid, a nitric acid 

and an iodine- containing glacial acetic acid. 
Subsequently, after the tungsten 

thin film layer 109 is removed using the mixed solution of 
ammonia water and 

hydrogen peroxide water, a photoresist 111 is formed into 
desired form by a 

photolithography technique and an anisotropic dry etching 
is performed using 

this photoresist 111 as a masking material to form a 
resistance element 112 . 

COPYRIGHT: (C) 1992, JPO&Japio 
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Abstract Text - ABTX (1) : 

A method for removing metal surface contaminants from 
silicon metalloid. 

The method comprises sequentially contacting the silicon 
with gaseous hydrogen 

fluoride and then with an aqueous solution comprising at 
least one-half weight 

percent hydrogen peroxide . The method is especially useful 
as a means for 

recovering metal surface contaminants on semiconductor 
grade silicon for 

analysis of surface contamination of the silicon by such 
metals- The method is 

useful for recovering copper from the surface of 
semiconductor grade silicon in 

an aqueous solution which can be analyzed directly to 
determine the amount of 

copper contamination of the surface of the silicon. 

US Patent No. - PN (1) : 
5851303 



Application Filing Date - AD (1) : 
19960502 



TITLE - TI (1) : 

Method for removing metal surface contaminants from 
silicon 
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Brief Summary Text - BSTX (2) : 

The present invention is a method for removing metal 
surface contaminants 

from silicon metalloid. The method comprises sequentially 
contacting the 

silicon with gaseous hydrogen fluoride and then with an 
aqueous solution 

comprising at least one-half weight percent hydrogen 
peroxide . The method is 

especially useful as a means for recovering metal surface 
contaminants on 

semiconductor grade silicon for analysis of surface 
contamination of the 

silicon by such metals. The method is useful for 
recovering copper from the 

surface of semiconductor grade silicon in an aqueous 
solution which can be 

analyzed directly to determine the amount of copper 
contamination on the 
surface of the silicon. 



Brief Summary Text - BSTX (3) : 

The production of high density integrated circuits 
requires wafers of 

monocrystalline silicon of high purity. Metal contaminants 
of the silicon 

including, among others, copper, gold, iron, cobalt, 
nickel, chromium, 

tantalum, zinc, tungsten, titanium, magnesium, molybdenum, 
and aluminum can be 

harmful to the production of such integrated circuits. 
These impurities, even 

in small amounts, may introduce defect sites in the 
semiconductor grade 

material which can ultimately result in degraded device 
performance and limited 

circuit density. Therefore to control the quality of 
silicon intended for use 

in the semiconductor industry, methods for cleaning silicon 
as well as accurate 

methods for determining metals contamination of the surface 
are desired. 



Brief Summary Text - BSTX (4) : 

Methods for surface cleaning of silicon used in 
semiconductor devices are 
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well known in the art- Such methods are described in 
Iscof f (Editor) , 

Semiconductor International, July, 1993, pages 58-63, and 
include a method 

typically referred to as the "RCA" method. The RCA method 
comprises cleaning 

the silicon with an aqueous H.sub.2 0.sub.2 --NH.sub.4 OH 
and an aqueous 

H.sub.2 0.sub.2 --HCL mixture at 75. degree. C. to 
8 0. degree. C. for 10 

minutes. Burggraaf (Editor), Semiconductor International, 
October, 1990, pages 

52 to 58, further discusses such cleaning techniques. 
Burggraff states that 

although a HF-vapor process can remove native oxide layers, 
these processes 

cannot effectively remove metallic contaminates because 
most metals do not 

generate volatile species with appreciable vapor pressure. 
Burggraff further 

states that an integral deionized water rinse following 
exposure to vapor-phase 

HF cleaning can remove soluble metallic species. 



Brief Summary Text - BSTX (6) : 

Niwayama et al., JP (Heisei) 5-4811, describe the 
treatment of silicon with 

an aqueous solution of hydrogen fluoride and hydrogen 
peroxide. The solution 

comprises by volume one portion of a 50 weight percent 
aqueous solution of 

hydrogen fluoride, 0.03 to 4 portions of a 31 weight 
percent hydrogen peroxide 

solution, and one to ten portions of water. 

Brief Summary Text - BSTX (7) : 

In a preferred embodiment of the present invention metal 
surface 

contaminants are recovered from semiconductor grade silicon 
in an aqueous 

solution, which is then analyzed by standard analytical 
techniques to quantify 

the amount of metal surface contamination of the 
semiconductor grade silicon. 

The present method offers an advantage over wet methods 
currently used in the 
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art for cleaning silicon metalloid by not requiring large 
volumes of aqueous 

hydrogen fluoride. Another advantage of the present method 
is the ability to 

remove metal oxides and metals bonded directly to silicon, 
such as copper, from 

the surface of the silicon. The present method allows for 
essentially 

quantitative recovery of metal surface contaminants, such 
as copper, in aqueous 

solution from the surface of semiconductor grade silicon, 
and thereby provides 

a convenient solution for analysis of the concentrations of 
the removed metals. 



Brief Summary Text - BSTX (9) : 

The present invention is a method for removing metal 
surface contaminants 

from silicon metalloid. The method comprises sequentially 
contacting the 

silicon with gaseous hydrogen fluoride and then with an 
aqueous solution 

comprising at least one-half weight percent hydrogen 
peroxide. The method is 

especially useful as a means for recovering metal surface 
contaminants on 

semiconductor grade silicon for analysis of surface 
contamination of the 

silicon by such metals. The method is useful for 
recovering copper from the 

surface of semiconductor grade silicon in an aqueous 
solution which can be 

analyzed directly to determine the amount of copper 
contamination of the 
surface of the silicon. 



Brief Summary Text - BSTX (11) : 

The present invention is a method for removing metal 
contaminants from the 

surface of silicon metalloid. The method comprises 

Brief Summary Text - BSTX (13) : 

(B) in a second step contacting the silicon metalloid 
having the metal 

surface contaminant with an aqueous solution comprising at 
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least one-half 

weight percent hydrogen peroxide . 

Brief Summary Text - BSTX (14) : 

The silicon metalloid (herein referred to as "silicon") 
from which metal 

surface contaminants can be remove by the present method is 
not limiting and 

can generally be any composition comprising at least 95 
percent by weight of 

elemental silicon. A preferred silicon for use in the 
present invention is 

semiconductor grade silicon. By "semiconductor grade" 
silicon, it is meant a 

material comprising at least 99 percent by weight silicon. 
The physical shape 

of the silicon is not critical to the present invention and 
can be in the form 

of rods, wafers, chunks, and particles. The present method 
is especially 

useful for removing metal surface contaminants from silicon 
chunks intended for 

use in a process such as the Czochralski method for forming 

monocrystalline 

silicon from a melt. 



Brief Summary Text - BSTX (17) : 

In a second step of the present method the silicon 
having the metal surface 

contaminant is contacted with an aqueous solution 
comprising at least one-half 

weight percent hydrogen peroxide . The weight percent 
hydrogen peroxide as used 

herein means the weight percent of hydrogen peroxide in the 

final weight of 

water with which the silicon is contacted. Therefore, if 
an aqueous solution 

of hydrogen fluoride is used in the first step the volume 
of water added during 

this first step would be considered as part of the total 
water present in the 

method. It is not necessary that the residual aqueous 
solution of hydrogen 

fluoride be present during conduct of the second step. 
However, a portion of 

the metal surface contaminants present on the silicon may 
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be removed during 

this step and should be accounted for in any subsequent 
analysis . 

Brief Summary Text - BSTX (18) : 

In the present method it is preferred that the aqueous 
solution comprise 

about one to 10 weight percent hydrogen peroxide . Even 
more preferred is when 

the aqueous solution comprises about 1.5 to five weight 
percent hydrogen 

peroxide . Higher concentrations of hydrogen peroxide may 
be used if desired. 



Brief Summary Text - BSTX (19) : 

A sufficient volume of the aqueous solution comprising 
at least one-half 

weight percent hydrogen peroxide should be added in the 
second step to ensure a 

complete wetting of the surface of the silicon. Generally, 
it is preferred 

that at least 5 ml of the aqueous hydrogen peroxide 

solution be present in the 

method per each 100 g of silicon. Even more preferred is 
when at least 10 ml 

of the aqueous hydrogen peroxide solution is present in the 
method per each 10 0 

g of silicon. The upper limit for the amount of aqueous 
hydrogen peroxide 

solution that may be added to the present method is defined 
by the practicality 

of handling the volume of the resulting aqueous phase, and 
by dilution 

considerations if the aqueous phase is to be analyzed for 
metals. In a 

preferred method, about 10 ml to 2 0 ml of aqueous hydrogen 

peroxide solution is 

used per each 100 g of silicon. 

Brief Summary Text - BSTX (2 0) : 

The temperature at which the silicon is contacted with 
the aqueous hydrogen 

peroxide solution is not critical and can generally be 
within a range of about 

15. degree. C. up to the decomposition temperature of the 
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hydrogen peroxide > 

Preferred is when the silicon is contacted with the aqueous 
solution of 

hydrogen peroxide at a temperature within a range of about 

2 0. degree. C. to 

3 0. degree. C. The length of time the silicon is contacted 
with the aqueous 

solution of hydrogen peroxide is not critical and can 
generally be that 

required to ensure a thorough contact with the surface of 
the silicon. 

Generally a contact time of at least one minute is 
preferred. Even more 

preferred is when the silicon is contacted with the aqueous 
solution of 

hydrogen peroxide for about one to ten minutes. 



Brief Summary Text - BSTX (21) : 

The present method is especially useful for removing 
metal surface 

contaminants from silicon for determining the amount of 
such metals on the 

surface of the silicon. By the term "metal surface 
contaminants" it is meant 

any metal or metal compound present on the surface of the 
silicon. The present 

method is useful for removing all metals typically found on 
the surface of 

semiconductor grade silicon, including transition metals 
and heavy metals. 

Metals which may be removed from the silicon include 
copper, gold, iron, 

cobalt , nickel , chromium, tantalum, zinc , tungsten, 
titanium, magnesium, 

molybdenum, and aluminum. The present method is 
particularly effective in 

removing those metals from the surface of silicon where the 
metal is directly 

bonded to silicon atoms. Copper is an example of a metal 
which may be bonded 

directly to silicon atoms and which can be removed from the 

surface of silicon 

by the present method. 



Detailed Description Text - DETX (3) : 

The ability to recover metal contaminants from the 
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surface of semiconductor 

grade silicon in aqueous solutions consisting essentially 
of various 

concentrations of hydrog n peroxide was evaluated. The 
semiconductor grade 

silicon was obtained from a standard commercial process for 
preparing such 

silicon by chemical vapor deposition. The silicon was 
broken into pieces of a 

size such that three to four pieces weighed about 100 
grams . Samples of 

approximately 100 grams of the silicon were place in 250 ml 
acid cleaned 

Teflon . RTM . containers for testing. Each silicon sample 
was acid cleaned by 

standard wet methods to remove surface contamination. Ten 
microliters of a 

standard solution containing 12 ppbw Al (ppbw=parts per 
billion weight) , 6 ppbw 

Fe, 9 ppbw Zn, 6 ppbw Cu, and 9 ppbw Na were added to each 
sample . 



Detailed Description Text - DETX (4) : 

About 1.5 ml of a 50 weight percent aqueous hydrogen 
fluoride solution was 

added to each silicon sample and the Teflon. RTM. container 
was sealed and 

allowed to set about 18 hours. At the end of the 18 hours, 
8 .3 ml of a 

deionized water solution consisting essentially of hydrogen 
peroxide at a 

concentration sufficient to provide a final concentration 
as described in Table 

1 was added to the appropriate silicon samples. The 
hydrogen peroxide was a 

commercially obtained unstabilized aqueous hydrogen 
peroxide solution 

comprising about 31 to 35 weight percent of hydrogen 
peroxide, diluted in 

deionized water as required. The final concentration of 
hydrogen peroxide is 

based on the total amount of liquid added to the 
Teflon . RTM . container . 

Approximately 0.2 ml of concentrated nitric acid was added 
to the aqueous 

solution associated with each silicon sample to reduce the 
potential for 
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evaporation of remov d metals during analysis of the 
solution by graphite 

furnace atomic adsorption. Each Teflon . RTM . container was 
shaken sufficiently 

to insure an adequate rinse of the silicon sample. 



Claims Text - CLTX (1) : 

1. A method for removing metal surface contaminants 
from a silicon 

metalloid, the method comprising: 

Claims Text - CLTX (3) : 

(B) in a second step contacting the silicon metalloid 
having the metal 

surface contaminant with an aqueous solution consisting 
essentially of at least 

one-half weight percent hydrogen peroxide. 



Claims Text - CLTX (9) : 

7. A method according to claim 1, where the aqueous 
solution of the second 

step comprises about one to 10 weight percent hydrogen 
peroxide . 



Claims Text - CLTX (10) : 

8. A method according to claim 1, where the aqueous 
solution of the second 

step comprises about 1.5 to five weight percent hydrogen 
peroxide . 

Claims Text - CLTX (11) : 

9. A method according to claim 1, where the contacting 
of the second step 

is effected at a temperature within a range of about 
15. degree. C. up to the 

decomposition temperature of the hydrogen peroxide . 

Claims Text - CLTX (16) : 

(B) in a second step contacting the semiconductor grade 
silicon metalloid 

with an aqueous solution consisting essentially of at least 
one-half weight 
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percent hydrogen peroxide thereby forming an aqueous phase 
containing the metal 
surface contaminant, and 

Claims Text - CLTX (19) : 

14. A method according to claim 12, where the aqueous 
solution of the 

second step comprises about one to 10 weight percent 
hydrogen peroxide . 

Claims Text - CLTX (2 0) : 

15. A method according to claim 12, where the aqueous 
solution of the 

second step comprises about 1.5 to five weight percent 
hydrogen peroxide . 

Claims Text - CLTX (27) : 

(B) in a second step contacting the semiconductor grade 
silicon metalloid 

with about 10 ml to 20 ml per 100 g of silicon of an 
aqueous solution 

consisting essentially of about 1.5 to five weight percent 
hydrogen peroxide 

thereby forming an aqueous phase containing the copper, and 
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Brief Summary Text - BSTX (3) : 

This invention relates to an etchant comprising sulfuric 
acid activated with 

hydrogen peroxide and characterized by an enhanced etch 
rate. The etchant is 

particularly useful in the manufacture of printing circuit 
boards . 



Brief Summary Text - BSTX (6) : 

Activation of dilute sulfuric acid with hydrogen 
peroxide is most attractive 

due to low cost and ease of electrolytic copper recovery 
from the spent etchant 

prior to disposal. However, the utility of hydrogen 
peroxide etching solutions 

is reduced somewhat due to catalyzed decomposition of 
hydrogen peroxide caused 

by etched metal ions or other transition metal ions in 
solution and a slow etch 

rate, typically 1.4 mils of copper from 1 ounce copper clad 
laminate in 10-25 

minutes at 12 0. degree. F. To enhance or exalt etch rate, 
more concentrated 

solutions of hydrogen peroxide have been used, but 
concentrated peroxide 

solutions are hazardous to health and safety. In addition, 
such etchants have 

not been successfully used with tin dissimilar metal etch 
resists because they 

attack tin, especially immersion tin. 

Brief Summary Text - BSTX (7) : 

In U.S. Pat. No. 4,130,454, incorporated herein by 
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reference, a modified 

peroxide etch is disclosed and claimed. The etchant 
comprises hydrogen 

peroxide and a molybdenum compound in an acidic solution. 
The hydrogen 

peroxide provides a sustained etch rate and the molybdenum 
etches at a 

substantially greater rate than the peroxide thereby 
exalting the rate to a 

desired level for commercial use. Molybdenum cannot be 
used as a sole oxidant 

because it is rapidly depleted due to reduction to a lower 
valence form as 

etching proceeds. It is therefore incapable of providing 
sustained etching. 

Patentee proposes a theory that the combination of peroxide 
and molybdenum is a 

synergistic combination because both are believed to etch 
the peroxide in the 

acid environment while providing the secondary function of 
oxidizing molybdenum 

to a higher valence capable of etching metals in the 
acidified environment. 



Brief Summary Text - BSTX (8) : 

The peroxide etchants described above are used to etch 
copper both by 

immersion and by spraying. Immersion etching comprises 
immersing a part within 

the etchant until the desired amount of metal is dissolved. 
Spray etching 

comprises spraying a finely divided stream of etchant 
against the surface of 

the part until the desired amount of metal is dissolved. 
Spray etching 

generally provides the advantage of a more rapid etch rate 
because the finely 

divided droplets of etchant are aerated resulting in 
additional oxygen at the 

surface of the part being etched and a concommitant 
increase in etch rate. 



Brief Summary Text - BSTX (9) : 

The etchants of the aforesaid U.S. Pat. No. 4,130,454 
do provide the 

exalted etch rate as reported in the patent for immersion 
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etching* However, 

for spray etching, the etch rate appears to be retarded 
rather than exalted 

which is contrary to that which would be expected. 
Consequently, the etchant 

of said patent is usable for spray etching, but spray 
etching of said etchant 

may not be commercially practical where high through put of 
parts is required. 

Brief Summary Text - BSTX (11) : 

The invention described herein is a peroxide etchant 
especially useful for 

rapidly dissolving large quantities of copper containing 
metals--i .e . , copper 

and its alloys. The etchant is characterized by an exalted 
etch rate when used 

in both the immersion and spray modes. For immersion 
etching, the etchant of 

the invention has an etch rate comparable to the etchants 
of the aforesaid 

patent utilizing molybdenum as the exaltant and are able to 
dissolve all of the 

copper from a one ounce copper clad circuit board base 
material in from about 6 

to 8 minutes, dependent upon the specific formulation used. 

For spray etching, 
the etchants are capable of dissolving all of the copper 
from one ounce copper 

clad base material in about 1.5 to 3 minutes compared to 
from about 10 to 15 

minutes for those etchants using molybdenum as the 
exaltant . 



Detailed Description Text - DETX (6) : 

The procedure of examples 10 and 11 was repeated 
substituting acetic acid 

for propionic acid. The acetic used was a 98% solution and 
added in an amount 

of 40 ml per liter. With a fresh etchant, the spray time 
was 2 0 minutes. 

After 2 0 minutes of use, the spray time was 5.5 minutes 
indicating that an 

aging process of some sort might be necessary for acetic 
acid. 
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Claims Text - CLTX (23) : 

23. A process for exalting the etch rate of a hydrogen 
peroxide - sulfuric 

acid et chant, said process comprising adding a low 
molecular weight carboxylic 

acid to the etchant in a concentration sufficient to double 
the etch rate 

compared to an etchant free of the carboxylic acid. 



07/08/2003, EAST Version: 1.03.0002 



L 


Hits 


Search Text 


DB 


Time stamp 


Number 








2 


354 


etchant with spray 


US PAT ; 


2003/07/08 








US-PGPUB 


13:02 


3 


26 


(etchant with spray) and (etchant with 


US PAT; 


2003/07/08 






(hydrogen adj peroxide) ) 


US-PGPUB 


13:21 


5 


0 


( (etchant with spray) and (etchant with 


US PAT; 


2003/07/08 






(hydrogen adj peroxide) ) and (etch$3 with 


US-PGPUB 


13:22 






molybdenum) ) not ( (etchant with spray) 










and (etchant with (hydrogen adj 










peroxide) ) ) 






4 


2 


{etchant with spray) and (etchant with 


US PAT; 


2003/07/08 






(hydrogen adj peroxide) ) and (etch$3 with 


US-PGPUB 


13:27 






molybdenum) 






6 


1 


("4130454") .PN. 


USPAT; 


2003/07/08 








US-PGPUB 


13:24 


7 


28 


(etchant with (hydrogen adj peroxide) ) 


USPAT; 


2003/07/08 






and (etch$3 with molybdenum) 


US-PGPUB 


14:22 


8 


3 


(etchant with (hydrogen adj peroxide)) 


EPO; JPO; 


2003/07/08 






and (etch$3 with molybdenum) 


DERWENT; 


14:22 








IBM TDB 




9 


1 


("4747907") .PN. 


USPAT; 


2003/07/08 








US-PGPUB 


14:13 


10 


9 


(etch$3 with molybdenum) and (surfactant 


EPO; JPO; 


2003/07/08 






or inhibit$3) 


DERWENT ; 


15:19 








IBM TDB 




11 


193 


(etch$3 with molybdenum) and (surfactant 


USPAT; 


2003/07/08 






or inhibit$3) 


US-PGPUB 


14:26 


12 


20 


{ (etch$3 with molybdenum) and (surfactant 


USPAT; 


2003/07/08 






or inhibit$3) ) and (corrosion with 


US-PGPUB 


14:32 






inhibit$3) 






13 


12 


( (etch$3 with molybdenum) and (surfactant 


USPAT; 


2003/07/08 






or inhibit$3) ) and citrate 


US-PGPUB 


14:32 


14 


165 


etchant same (surfactant or inhibit$3) 


EPO; JPO; 


2003/07/08 








DERWENT; 


15:20 








IBM TDB 




15 


80 


etchant same (surfactant or (corrosion 


EPO; JPO; 


2003/07/08 






with inhibit$3) ) 


DERWENT; 


15:22 








IBM TDB 




16 


3 


(etchant same (surfactant or (corrosion 


EPO; JPO; 


2003/07/08 






with inhibit$3))) and (hydrogen adj 


DERWENT; 


15:23 






peroxide) 


IBM TDB 




17 


351 


etchant same (surfactant or (corrosion 


USPAT; 


2003/07/08 






with inhibit$3) ) 


US-PGPUB 


15: 39 


18 


122 


(etchant same (surfactant or (corrosion 


USPAT; 


2003/07/08 






with inhibit$3))) and (hydrogen adj 


US-PGPUB 


15:39 






peroxide) 






19 


79 


( (etchant same (surfactant or (corrosion 


USPAT; 


2003/07/08 






with inhibit$3))) and (hydrogen adj 


US-PGPUB 


15:39 






peroxide)) and @ad<=20000320 






20 


6 


( ( (etchant same (surfactant or (corrosion 


USPAT; 


2003/07/08 






with inhibit $3) ) ) and (hydrogen adj 


US-PGPUB 


15:47 






peroxide)) and @ad<=20000320 ) and 










molybdenum 






22 


64 


(wet with etching) same (surfactant or 


USPAT; 


2003/07/08 






(corrosion with inhibit$3) ) 


US-PGPUB 


15:39 


23 


45 


( (wet with etching) same (surfactant or 


USPAT; 


2003/07/08 






(corrosion with inhibit$3) ) ) and 


US-PGPUB 


16:04 






@ad<=20000320 






24 


13 


(((wet with etching) same (surfactant or 


USPAT; 


2003/07/08 






(corrosion with inhibit$3) ) ) and 


US-PGPUB 


15:46 






@ad<=20000320) and (hydrogen adj 










peroxide) 






25 


2365 


(hydrogen adj peroxide) same (surfactant) 


USPAT; 


2003/07/08 








US-PGPUB 


16:23 


26 


2 65 


( (hydrogen adj peroxide) same 


USPAT; 


2003/07/08 






(surfactant)) and etching 


US-PGPUB 


15:47 


27 


174 


( ( (hydrogen adj peroxide) same 


USPAT; 


2003/07/08 






(surfactant)) and etching) and 


US-PGPUB 


15:47 






@ad<=20000320 







Search History 7/8/03 5:12:45 PM Page 1 
C: \APPS\EAST\Workspaces\09779123 . wsp 



28 


11 


f ( f (hvdrocfen adn nprnvi H<=>\ csamo 


tip l*i7i m . 

US PAT ; 


2003/07/08 






f SUrf actant ) ) anH pfrhi nrrl anH 


US-PGPUB 


15 : 47 






Lau\-iuyyuo^u| ana moiyDoenum 




29 


38 


(etchinCf or Gtchantl saTrip f f<?nHinni aH-i 
\ ^~ k ' VvliJ - li y ^x cuwuaiii./ o cull— ^ | ouuiLUU aUJ 


t t o r> 7\ T> . 


2003/07/08 






dihvdrocren ad"i ri frafpl or /Hi QnHiiiTn 

uj.jijruiuycil O.W.J ^ILiaLc) |U1 jUUI Hill aQj 


Ub-PGPUB 


16:18 






h Vdr OCTPn ) o y ( t" T1 <?nH H l im a ri -n r* i' f ra 1-q \ v- 
iijfuiuycii; vx \ L.1 J.DUU1LUU aUj LI LiaLc j Ox 










/ 31711X10 Y\ "i nm aHn a o = a \ \ 
\ aiLULLUIlx Lull dUJ aCctaLc/ ; 






30 


26 


v letcning or etcnant) same ( (sodium adj 


US PAT ; 


2003/07/08 






dihvdroaen adi citrate) or fdisodium arfn 




1 Ci 1 Q 






h Vdr OOPTl ) CUT ( t~ T~ H csnH "i i im a rl -i /"-i i-yatoi /-\v- 
iij ui. cn / wi \ tliauuiLUll dUJ LI liaLc/ Ox 










(ammonium adi acetatp^ \ \ anH 










@ad<=20000320 






31 


407 


(etchinCf or etchantl samp (water TaH t-h 
\ w u4j.it^ J- >- ^nciii u / o ante ^ w a icx wx ti x 


TTCDTiT • 


onm / m / no 
z UUo / U / / (J o 


32 




resistance) 


TTC_"n/T1TT"0 

Uo-PGPUB 


16:23 




^ ietcning or etcnant) same (water with 


US PAT; 


2003/07/08 


33 




resistance) ) and fhvdrocren adi nprnxi Hp) 




id . iy 


19 


f ( (etchincr or et chant - ) <*am» fwafpr t.t-! t-V-i 
\ \ \«i-viij.iiy \j±. c luiiatiu / o dint; | Wa Lex WX Lfl 


T T C DTiT . 


zUU3/ 0 7/08 






resistance) ) anH ( Vi \/H rnnon aH"i no ^ v -i rlo^ 
i^jxo i.taii^c/ / aiiu \ xiy nx <jy ell aUJ pcXUXXQc J 


TTC DTDTTD 


1 o : z 3 






) and (3ad<=20000^?f) 






34 


30506 


(water near3 resi stanrpl 




c. UUo/ 0 / / 08 


35 






TTC Dl^*T)TTO 


i b : 4 / 


1730 


f (wafpr npar^ rp«ii ofanro \ a r\^ /of -i 

\ ^ wa lci licaxj xcaxsLaULc/ / ctllu. \eLCmnu 




OAAT / m /Art 

2003/07/08 


36 




or etchant) 


TTC T) TIT ID 


16:23 


157 


\ \ \waLer near j resistance; ) and (etenmg 


US PAT; 


2003/07/08 


37 


117 


ux e t-uiictxi u ; ; ctnu \nya.rogen adj peroxide) 


US-PGPUB 


16:23 


\ \ V \wducx ucaxj xcoXj LallLc) ) ana 


T T O T"> 7\ T> • 

US PAT ; 


2003/07/08 






(cLcnxng or e tenant; ; and (nydrogen ad] 


US-PGPUB 


16:40 






Deroxide) ) and (3ad<=? OOOn^P 0 






38 


117 


l ( ( fwafpr npa rOQl <z ~\~ ^ r\ a \ \ ar>r1 
\ V I \waucx xicax J icoXjlallLcJ } a. 11 a 


U b PAT ; 


O A A "D / AT i r\ d 

2003/07/08 






(etchina or etchant) ) and (hvHrnapn arl*i 


TTC. _ DriPTTR 








peroxide) ) and @ad<=20000320 






39 


12 


cuLxicixiL. adxut: iwdLcr neaxj resistance; 


TTC T5 7V Ti • 

US PAT ; 


OAA"3 / AT 1 r\ C\ 

2003/07/08 








TTC — DCDTTU 


1 b . o z 


40 


3 


c Hiiauu oaxilc \WaLci IlclaxO xcolSLanCS) 


hFO; jpo; 


aaai f r\~i J r\ c\ 

2 003/07/08 








DERWENT ; 


16:49 








T DM rp T-\t3 




41 


199 


etchina same (water nearT rp«?i ?fanrpl 


TTCDZiT • 


9Pin*} / m / rid 

ZUUj/ U / /Uo 










1 / . uz 


42 


138 


{etching same (water near3 resistance) ) 


US PAT ; 


2003/07/08 






and @ad<=20000320 


US-PGPUB 


16:53 


43 


97 


etching same {water near3 resistance) 


EPO; JPO; 


2003/07/08 








DERWENT; 


17:02 








IBM TDB 





Search History 7/8/03 5:12:45 PM Page 2 
C: \APPS\EAST\Workspaces\09779123 . wsp 



US -PAT-NO: 



6242331 



DOCUMENT- IDENTIFIER : 



US 6242331 Bl 



TITLE: 

resistance using a 



Method to reduce device contact 



hydrogen peroxide treatment 



KWIC 



Claims Text - CLTX (9) : 

6 • The method of claim 1 where the resistance of said 
deionized water is 

between 16 and 22 megohm- cm. 

Claims Text - CLTX (27) : 

14 . The method of claim 7 where the resistance of said 
deionized water is 

between 16 and 22 megohm- cm. 

Claims Text - CLTX (47) : 

23. The method of claim 15 where the resistance of said 
deionized water is 

between 16 and 22 megohm- cm. 

Claims Text - CLTX (66) : 

32. The method of claim 24 where the resistance of said 
deionized water is 

between 16 and 22 megohm-cm. 
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Stripping and cleaning composition 



KWIC 



Application Filing Date - AD (1) : 
19961108 



Detailed Description Text - DETX (7) : 

Other additives normally used in buffered oxide etchant 

solutions may be 

included in the novel etching solutions of the present 
invention. For example, 

polar solvent diluents such as acetic acid and ammonium 
acetate may be 

included. Ammonium acid phosphate buffers represent 
another choice. 
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NN69031246 



Etching of Molybdenum Thin Films. March 



IBM Technical Disclosure Bulletin, March 



11 



10 



1246 



March 1, 1969 (19690301) 
0018-8689-11-10-1246 



lp- Molybdenum films can be etched in a manner which 
produces 

a sloping edge to the land pattern when using a 
photoresist mask. 

The etchant consists of 25 parts of 3 0% hydrogen 
peroxide 120 parts 

of 90% formic acid and 10 parts water. At 35 degrees 
centigrade, an 

etch rate of about 3 000 Angstroms per minute can be 
realized. 



SECURITY: Use, copying and distribution of this data is 
subject to the 

restictions in the Agreement For IBM TDB Database and 
Related Computer 

Databases. Unpublished - all rights reserved under the 
Copyright Laws of the 

United States. Contains confidential commercial information 
of IBM exempt 

from FOIA disclosure per 5 U.S.C. 552(b) (4) and protected 
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Secrets Act, 18 U.S.C. 1905. 
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TITLE: 
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Chemical etching of molybdenum in 



PATENT -ASSIGNEE: MOSCOW FOOD INDUSTRY INST [FOOD] 



PRIORITY- DATA: 



1967SU-1183930 (September 12, 1967) 



PATENT- FAMILY: 
PUB -NO 
LANGUAGE 
SU 254998 A 



PAGES 



PUB -DATE 
MAIN- IPC 



N/A 



000 



N/A 



INT-CL (IPC): C23F000/00 



ABSTRACTED -PUB -NO: SU 2 54 9 98 A 
BASIC- ABSTRACT: 

CHEMICAL ETCHING OF MOLYBDENUM IN NITRIC ACID SOLN. is 
characterized in that 

hydrazine derivatives, for ex. hydrazine, hydrazine 
chloride and 

phenylhydrazine, hydroxy lamine, urea, thiourea are used as 
inhibitors in the 

amount from 1 to 50 mili-moles per litre of the nitric acid 
solu- The process 

is carried out at 20-80 degrees C. Use of the proposed 
inhibitors slows down 

dissolution of molybdenum, permits control of the process, 
and by carrying the 

etching period permits removal of the surface layers of the 
desired thickness, 

i.e. prevents over -etching and thus reduces losses of the 
expensive metal and 

consumption of the acid. The amount of gas evolved during 
the etching is 

considerably reduced thus improving working conditions. 
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The proposed concns . 

of the inhibitors prevent formation of acid insoluble films 
on the surfaces of 

the molybdenum being etched and th se inhibitors are easily- 
removed from the 
metal by washing with water. 

TITLE-TERMS: CHEMICAL ETCH MOLYBDENUM ACID 
DERWENT- CLASS : M14 
CPI-CODES: M14-A; 
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5798426 
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TITLE: Acrylic polymer compounds 



KWIC 



Detailed Description Paragraph Table - DETL (2) : 

TABLE II Test 

Data Water Oil 

Appearance Resistance Resistance (Note 1) (Note 2) 
(Note 3) 

Example 11 Clear 

Glossy -- AMP salt 

of Example 1 Film Example 12 Clear Glossy -- TEA salt 

of Example 1 Film 

Example 13 Clear Glossy Fair Fair Ammonium salt of 
Example 1 Film Example 

14 Clear Glossy Poor -- Emulsion of Example 1 Film 
Example 15 Clear Glossy 

Good Fair Ammonium salt of Example 8 Film Example 16 

Clear Glossy Excellent 

Fair Ammonium salt of Example 9 Film 

Note 1: Appearance refers to gloss, clarity, and integrity 
of the dry fil 

formed. Note 2 ; Water Resistance refers to the degree of 
etching/deformation 

of the film as a result of contact with a drop of water 
for 5 minutes. 

Ratings are excellent, good, fair and poor. Note 3: Oil 
resistance refers to 

the degree of etching/deformation of the film as a result 
of contact with a 

drop of commercial hand cream lotion ( mixture of water, 
cetyl esters, 

petroleum, isopropyl palmitate, triethanolamine, steryl 
alcohol, lanolin, 

methylparaben, propylparaben an other) for 5 minutes. 
Rating are excellent, 

good, fair and poor. Note 4: Adhesion refers to the 
difliculty of removing the 
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dried film from the glass plate when subjected to water 
temperatures of room 

temperature up to 70 -degree. C. The higher the temperature 
and/ or the longer 

the time required to soak off the fihn, the stronger the 
adhesion of the film 

to the glass plate. An adhesion scale of 1-10 was used, 
with 1 being the bes 

adhesion and 10 being the worst in adhesion and easiest to 

soak off the glass 

plate. 
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ABSTRACTED -PUB -NO: KR2001077228A 
BASIC-ABSTRACT: 

NOVELTY - An etchant for etching a tri -layered metallic 
film of Mo/Al-Nd/Mo is 

provided, which can etch the tri-layered metallic film of 
Mo/Al-Nd/Mo without 

undercut phenomenon of a bottom Mo layer while forming a 
metal line of a 
TFT -LCD. 

DETAILED DESCRIPTION - A tri-layered metallic film of 
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Mo/Al-Nd/Mo is used as a 

source/drain array metal line. And the etchant includes 
H3P04 of 68-74 wt%, 

HN03 of 2-4 wt%, CH3C00H of 5-15wt% and water. And the 
etchant also includes 

an additive of 0.01-0.105 wt% of the whole composition. 
The etchant also 

includes H3P04 of 70-74 wt%, HN03 of 2-4 wt%, CH3C00H of 
8-15wt%, water and an 

additive of 0.01-0.03 wt%. The water is an ultra pure 
water having a 
resistance above 18M ohm. 

CHOSEN -DRAWING : Dwg.0/0 
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[57] ABSTRACT 

An aqueous and acidic stripping and cleaning composition is 
provided which contains a polyhydric alcohol, ammonium 
fluoride, dimethylsulf oxide and water. The pH of the com- 
position is greater than about 4 but less than 7. Also provided 
is a method of stripping and cleaning utilizing the compo- 
sitions of the invention. Optionally, the composition may 
contain a phosphate buffer. 

15 Claims, 3 Drawing Sheets 
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1 2 

STRIPPING AND CLEANING COMPOSITION SUMMARY OF THE INVENTION 

FIELD OF THE INVENTION The present invention provides an aqueous acidic strip- 
Trie invention relates generally to a stripping and cleaning "* dcanin 8 coition for (he removal of organic 
composition having a controlled oxide «ch and sidewall s ^^f l ^' 
polymer removal capability and to a process for stripping "dewaU polynia (SWP) and morgue residues which has a 
and etching utilizing Ae composition. More particulate «>^ed oxide etch rate. The buffered audio composition 
invention provides a sUghrJacidic stripplni composition has a pHrf more than 4 and less than 7 comprises the 
containing ammonium fluoride and a water soluble polar admixture of. 

solvent which is free of ethylene glycol and hydrogen w a ) 55 to 85% b y ° f a polyhydric alcohol 

fluoride. Optionally, the compositions may contain a phos- having the formula selected from me group consisting of 

phate buffer. HO[CH 2 — CH 2 0]„H and 

BRIEF DESCRIFnON OF THE PRIOR ART HOiOfc-CH^UH, 

In fabricating semiconductor devices it is the practice to J5 £ 
passivate and protect the surface of a body of silicon 
material with a layer or superimposed layers of Inorganic 

insulating materials, such as silicon dioxide, silicon nitride, more; 

^ b) about 5 to 35% by weight of an organic water soluble 

Openings are made through these protective Layers to the ^ P 0 ** 1 f° ive ^; „ M ___ . . . a . . , 

silkon body both to provide scrniconductive doped regions 30 ' about 0.5 to 20%by w«ght ofammomum fluoride; and 

within the body as well as to allow conductive la>« on top «J ^T to ban * WatCT * the range of 

of the body to make contact to the semfconductive regions. about 1 20*. 

In most instances it is important that the etchant be selective, Generally, the ammonium fluoride is used as a 40% 

ie., it exhibits the property of selectively attacking the „ <u l^ ous . . 

silicon vs. oxides theX^ubstrate or depXsitedlayJ. For 35 M ^*f*« ??" » ^Zi'tl^f^A^ 

example, dilute hydrofluoric add buffcredwith ammonium dimethylsulfoxide. dimethyl acetamide (DMAC). 

^^b^tSd^X.d^toew.itdoe. N-memylpyrroUdone. gamma butyllactone. and the Uke^ 

oot substantially attack silicon nitride or silicon. Similarly. ™° corruptions of Reinventions are su^le for bod, 

hot phosphoric acid will attack silicon nitride while not M ^,7^ J!f Z 

\, r „. . , ... . _ lead/multi-kver metal stack applications due to their high 

attacking silicon dioxide, silicon or common photoresist ^ ^ 

. b resistance to metal and metal alloy corrosion. 

yerS ' . , ^ , ¥TT7 t . .„ ^ ut». Advantageously, the compositions of the invention arc 

However, toe standard buffered HF solution will attack Pf dbyW^lycol and hydrofluoric acid. 

or N doped sweonformeddunng semiconductor ^processing. ^ of Ae invention may contain a corro- 

This is particularly true when the etching solution is in 35 inhibitor 

contact simultaneoushr with exposed highly dop^silicon & ^ a general object of the invention to provide a cleaning 

andplatmumsih^ d havmg a controlled etch and 

^ reaction between the siheon and ^ P^^^; side wld^l^er r^ val capability, 

with me reaction ^^ b ^8^^ u ^ J? BbaJEteol^tf 

semiconductor is dipped into the standard bitfered HF 40 nmpxiHon which is free of ethylene glycol and hydrof- 

solution. This tends to dissolve the silicon, especially P+ i U aicaciil 

silicon ' It is yet another object of the invention to provide a 

Kinsbron et al. U.S. Pat No. 4343,677 discusses film stripping composition which is water soluble having high 

patterning and disclose an etching solution which uses tometal corrosion. 

buffered ammonium fluorioWhydrofluoric acid in a molar 43 fi is m objection of the invention to provide a 

ratio of about ten to one, mixed with a suitable solvent such de^g composition which removes inorganic and ash 

as ethylene glycoL Gajda, U.S. Pat No. 4,230,523, discloses ttMa ^ 

an etchant comprised of a solution of hydrogen fluoride ft lg ^ ^j^^ of me mve ntion to provide a 

dissolved in organic solvents such as glycerine or another mcthod fa, stripping which provides for a silicon or con- 

polyhydric alcohol. The etchant is used for etching silicon 30 ^Wed oxide etch. 

dioxide while not attacking silicon, Gajda requires that the m advantagcs m & further objects of the invention will 

solution be free of unbound water and ammonium fluoride. mQre apparent bom me following description of the 

Maeda et al, U.S. Pat No. 3,979,241, teach an etching liquid ^doitd embo<iiments and the drawings, 
with ammonium fluoride or an alkali fluoride dissolved in a 

polyhydric alcohol, such as ethylene glycol, polyethylene 55 BRIEF DESCRIPTION OF THE DRAWINGS 

glycol, and glycerine. The etching solution is used for _ m m ^ , v * 

feLlively &g silicon dioxide or silicon nitride on a *»• 1 illustrate the undopcl poly Silicon etch rate of the 

semiconductor wafer. compositions of the invention. 

U.S. Pat No. 5320,709 to Bowden et al discloses a HG. 2 illustrates me thermal oxide etch rate of the 

composition for selectively removing oxidized organome- to compositions of me invention. 

tallic residues, oxidized organosflicon residues and oxides FIG. 3 illustrates the time to remove 160A truck ARC vs. 

with a composition which is essentially pH neutral and temperature with the compositions of the invention, 

comprises a polyhydric alcohol and an anhydrous ammo- nuorumrrftN dpthp prrprrrpd 

mum flucride7alt The present invention provides a specific DESCRIPTW OFTmPREFERRED 

improvement over the compositions of this patent by utiliz- 65 

ing aqueous ammonium fluoride and an organic polar sol- The present invention is directed to a slightly acidic 

vent in a buffered acidic pH. stripping and cleaning composition comprising a polyhydric 
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alcohol having the formula selected from the group consist- 
ing of HO[CH 2 — CH 2 0]„H and 

HO[CH 2 -CHjOU*, 
CHa; 

more, dimethyisulfoxide or the like, ammonium fluoride and 
a medium having a pH of more than about 4 but less man 7. 
Advantageously, the composition contains a corrosion 
inhibitor which forms a 5- or 6- membered ring coordination 
complex with a metal substrate as described in copending 
application Ser. No. 07/983,257 or an alkylated phenol. 

The compositions of the present invention are particularly 
suitable for removing organic or inorganic material from a 
substrate such as sidewall polymers (SWP) and/or for con- 
trolled etching of contaminated or uncontaminated oxide 
surfaces. The composition are also effective in removing 
many forms of resist ash and etch residues without the 
presence of hydrogen fluoride. 

The stripping and cleaning compositions of the invention 
contain about 65 to 85% by weight of composition of a 
polyhydric alcohol which excludes ethylene glycol, for 
example propylene glycol, glycerol, polyethylene glycol 
etc. 

Ammonium fluoride in an amount of about 0.5 to 20% by 
weight of composition is an essential component of the 
composition. Ammonium fluoride is commercially available 
as a 40% aqueous solution. 

The use of about 5 to 35% by weight of 
dimethyisulfoxide, together with a polyhydric alcohol other 
than ethylene glycol, surprisingly stabilizes the performance 
of the formulations and enhances their process latitude at 
elevated temperatures. The use of water with DM SO and the 
like as the solvent allows use of ammonium fluoride in the 
formulation when propylene glycol is the polyhydric alco- 
hol. 

Other additives normally used in buffered oxide etchant 
solutions may be included in the novel etching solutions of 
the present invention. For example, polar solvent diluents 
such as acetic acid and ammonium acetate may be included 
Ammonium acid phosphate buffers represent another 
choice. 

These additives may be used in an amount of up to about 
20% by weight, for example. 

Corrosion inhibitors in an amount of up to about 15% by 45 
weight can be added to the stripping compositions. 
Preferably, the inhibitor concentration is from about 0.5 to 
8% by weight, and most preferably, about 5% by weight 
Suitable inhibitors are disclosed in U.S. Pat No. 5,417,877 
to Ward et al, which is herein incorporated by reference. The 50 
inhibitor is a compound selected from the group consisting 
of: 



OH 




10 



15 



20 



25 



30 



35 



40 



55 



than one of R t , R 2 and is hydrogen, the remainder being 
the same or different than R 3 . Preferred inhibitors include 
catechol, pyrogalloL anthranilic acid, gallic acid, gallic 
esters, and the like. 

The compositions of this invention arc especially useful 
and advantageous for numerous reasons among which may 
be mentioned the following. The compositions are water 
soluble, non-corrosive to substrate, non-flammable and of 
low toxicity to the environment. The compositions evidence 
high stripping and cleaning efficiency at low temperatures 
for a wide variety of coating residues and substrates. The 
compositions are particularly suitable for removal of resi- 
dues from plasma processing used in integrated circuit 
fabrication since they also prevent theredeposition of metal 
ions, especially sodium and potassium ions and have a faster 
more complete removal of trace metals. The compositions 
provide controlled oxide etch and controlled silicon and/or 
polysilicon and/or silicon nitride etch. 

The process of the invention is carried out by contacting 
a substrate containing an organic or metal-organic polymer, 
inorganic salt, oxide, hydroxide or complex or combination 
thereof as a film or residue, (e.g. sidewall polymer (SWP)). 
with the described stripping composition. The actual 
conditions, e.g., temperature, time, etc., depend on the 
nature and thickness of the complex (photoresist and/or 
SWP) material to be removed, as well as other factors 
familiar to those skilled in the art In general, for stripping, 
the substrate is contacted or dipped into a vessel containing 
the stripping composition at an elevated temperature, pref- 
erably between 25°-*Q° C and usually about 25 o -40° C. for 
a period of about 1-15 minutes and then rinsed with water. 

Representative organic polymeric materials include posi- 
tive photoresists, electron beam resists, X-ray resists, ion 
beam resists, and the like. Specific examples of organic 
polymeric materials include positive resists containing phe- 
nolformaldehyde resins or poly (p-vinylphenol), 
polymethymiethacxylate-containing resists, and the like. 
Examples of plasma processing residues side wall polymers 
(SWP) include among others, metal-organic complexes and/ 
or inorganic salts, oxides, hydroxides or complexes which 
form films or residues either alone or in combination with 
the organic polymer resins of a photoresist Trie organic 
materials and/or SWP can be removed from conventional 
substrates known to those skilled in the art, such as silicon, 
silicon dioxide, aluminum, aluminum alloys, copper, copper 
alloys, etc. 

Examples illustrating the removal of a coating from a 
substrate under varying conditions are described further 
below. The following examples are provided to further 
illustrate the invention and are not intended to limit the 
scope of the present invention. 

Examples of compositions according to the invention are 
set forth below in Table L The amounts indicated are in 
percent by weight of composition. 

TABLE I 



60 



wherein R p R^ Rj and R 4 are the same or different and each 
represent lower alky I, H, OH, NHRj, CO^, CORy and SH, 
wherein and R« are the same or different and each 
represent H or lower alkyl, and represents lower alkyL 
with the proviso that when R 4 is H, not more than one of R„ 
R2 and Rj is the same as R 4 , and when R 3 is not H, not more 





Propylene 




40% aq. 


Stripping 


Glycol 


DMSO 


AlIXDOQfUIXL 


Compositions 


(wt%) 


(wt%) 


Fluorine 


A 


77.3 


20j0 


25 


B 


76.3 


18.7 


SS) 


C 


73.2 


16.8 


10.0 


D 


68.7 


11.3 


20 J} 



65 



The undoped polysilicon etch rate for composition B at 
20° C. and 60° C. is shown in FIG. 1. The average etch rate 
at 20° C. was 3A/min and at 60° C 50A/miiL 
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EXAMPLE I 

A stripping and cleaning composition was prepared by 
admixing the following ingredients: 



Ingredient 


% Wt 


Propylene glycol 


77.5 


DMSO 


163 


40% ammonium fluoride 


5.0 


Acetic acid 


0.5 


Ammonium acetate 


0.7 


The pH of the composition is 5.2. 




EXAMPLE n 




A stripping and cleaning composition was prepared by 


admixing the following ingredients: 




Ingredient 


% Wt 


Propylene glycol 


73.0 


DMSO 


12 J 


/^nmpniroyri fluoride 


5.0 


Acetic acid 


4.0 


Ammonium acetate 


5.2 


Catechol 


0.5 



The specimen is then removed and spun dry in a heated 
nitrogen atmosphere. 

EXAMPLE V 

Table II shows the admixture of components together with 
buffering additives. 

The time to remove 160A thick ARC vs. temperature of 
compositions B, F and G is shown in FIG. 3. 



10 



20 



25 



TABLE H 


COMPONENT 


E 


F 


O 


Propylene glycol 


68.4 


75.9 


64.2 


DMSO 


12,4 


12.4 


12.4 


NH«F(40%) 


10.0 


75 


5.0 


HOAc (glacial) 


4.0 


4.0 


8.0 


NH4OAC (salt) 


5.2 


5.2 


10.4 


pH (5% aqueous 


4.8 


4.8 


4.8 


ecVn) 










12.4 


3 


4.6 


(A/min) 








ERrox 9 60* C. 


348 


78 


141 


(A/min) 






2.2 


ER« ® KT 


4 


5 


(A/min) 










71 


44 


37 


(A/mm) 









The pH of the composition is 4.8. 

The thermal oxide etch rate for the composition of ^ 
Example II at 60° C is shown in FIG. 2. The average etch 
rate at 60° C. was 203A/min. 



What is claimed is: 

1. An aqueous and acidic stripping and cleaning compo- 
sition consisting essentially of: 
a) about 55 to 85% by weigjbt of a polyhydric alcohol 

having the formula selected from the group consisting 

of HO[CH 2 — CH 2 0]„H and 



EXAMPLE HI 

A stripping and cleaning composition was prepared by 33 
admixing the following ingredients: 



mgxcdieoi 


%wt 


Propylene glycol 


73.0 


DMSO 


12.0 


Ammonium fluoride 


5.0 


Catechol 


0.5 


Buffer* 


9.5 




100% 



45 



50 



55 



The buffer solution was prepared from a range of 7% 
(XHJHJ0 4 and 3% (NH 4 ) 2 HP0 4 to 9% (NHJH^PO* and 
3% (NH 4 ) 2 HP0 4 to 9% (NH 4 )H 2 P0 4 and 1% (NH 4 ) 2 HP0 4 , 
the remainder being deionized water. 

EXAMPLE IV 

Example HI illustrates the removal of a photoresist from 
a substrate using a stripping composition of the invention. 

More specifically, an immersion tank containing compo- 
sition A of Table I is held at room temperature and the 
stripping composition is recirculated at an exchange rate of 
about 1.0 (Le. pump flow rate/bath volume- 1.0). 

A rinse tank: with standard overflow cascade containing 
deionized water with a C0 2 sparge is also prepared. 

The photoresist wafer specimen is immersed into the 
stripping composition for 1-20 minutes in accordance with 
the oxide etch rate and the amount of removal desired. 

The specimen is removed from the stripping bath and 65 
immersed into the rinse tank for 2-4 minutes using continu- 
ous C0 2 sparging. 



HOlOfe-CHjOUt 

CHs 



more; 

b) about 5 to 35% by weight of a water soluble organic 
polar solvent; 

c) about 0.5 to 20% by weight of ammonium fluoride; 

d) an effective amount of up to about 20% by weight total 
for acetic add and ammonium acetate; and 

e) the remainder being water; said composition having a 
pH greater than 4 and less than 7. 

2. The composition of claim 1 wherein said polyhydric 
alcohol is propylene glycol. 

3. The composition of claim 1 further consisting essen- 
tially of a corrosion inhibitor. 

4. The composition of claim 3 wherein said inhibitor is 
selected from the group consisting of catechol, pyrogallol. 
gallic acid and anthranilic add. 

5. The composition of claim 1 wherein said polar solvent 
is selected from the group consisting of dimethylsulfoxide, 
dimethylacetamide, N-methylpyrrolidone and gamma butyl- 
lactone. 

6. The composition of claim 1 with dimemylsulfoxide, 
ammonium fluoride, propylene glycol, a corrosion inhibitor 
and water. 

7. The composition of claim 6 further consisting essen- 
tially of a phosphate buffer. 

8. A process far stripping and cleaning an organic coating 
from a coated substrate which comprises subjecting said 
coated substrate to a composition according to claim 6 at an 
elevated temperature for a stripping effective time. 

9. A process for stripping and cleaning an organic coating 
from a coated substrate which comprises subjecting said 
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coated substrate to a composition according to claim 7 at an 
elevated temperature for a stripping effective time. 

10. Hie composition of claim 1 further consisting essen- 
tially of a phosphate buffer. 

11. A process for stripping and cleaning an organic 
coating from a coated substrate which comprises subjecting 
said coated substrate to a composition according to claim 1 
for a period of time to strip organic material from said 
substrate. 

12. The process of claim 11 wherein said process is 
conducted at a temperature between about ambient to 80° C 



8 



13. The process of claim 12 wherein said coated substrate 
is a photoresist 

14. A process for stripping and cleaning an organic 
coating from a coated substrate which comprises subjecting 
said coated substrate to a composition according to claim 3 
for a stripping effective time. 

15. The process of claim 14 wherein said process is 
conducted at a temperature between about ambient to 80° C 



10 
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[57] ABSTRACT 
An etchant solution for multilayered metal layers com- 
prising an aqueous solution of from 0.5 to 50 percent by 
weight of nitric acid, from 0.03 to 1.0 percent by weight 
of hydrofluoric acid, from 0.05 to 0.5 percent by weight 
of hydrogen peroxide and from 0.1 to 1.0 percent by 
weight of sulphuric acid. The solution is compatible 
with photolithographic techniques and uniformly 
etches three or more metals. 

5 Claims, No Drawings 
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nickel and the titanium, or, alternatively, layers of 
ETCHANT SOLUTION CONTAINING nickel and copper can be alternated as the third layer. 

HF-HNO3-H2SO4-H2O2 FOR ETCHING AL-TI-CU The thicknesses of these layers can vary from about 

OR NI CONTACT METALLURGY ON SILICON 0. 1 to 8 microns for the aluminum layer; from about 0.2 
SUBSTRATES 5 to about 0.7 micron for the second layer and from about 

0.4 to 2 microns for the third layer. These layers are 
This invention relates to an etchant for multilayered applied to the substrate using conventional evaporation 
metals. More particularly this invention relates to an techniques. 

etchant for various metals which etches them at similar The substrate can be glass or other silicon-containing 
etch rates. 10 material such as silicon, doped silicon, polycrystalline 

BACKGROUND OF THE INVENTION silicon whether uhdoped or doped with oxygen for 

t . . , example, silicon oxide or silicon nitride. 

In the manufacture of power devices such as silicon In prepar i n g electronic devices such as power de- 
controlled rectifiers, horizontal deflector transistors and a subs trate is covered with the multilayers of 
the like, several metal layers are applied over glass or 15 metal md then coated ^ fi photoresist. The photore- 
siiicon surfaces. These metals must be etched away in sht & sed t0 H ht of ^ ap p ropriate waV elength 
predetermined places to reveal the substrat? beneath. th h a ^ which ch the solubility of the 
Since metals generally etch at different rates in a single resist The resist is developed m a suitable which 
etchanun order to close y control the process a differ- dissolves ^ morc solublc ^ reyeal ^ under . 
ent etchant can be employed for each metal present; 20 j i ng metal la re m a J eTn of resist ^ meta}t The 
however this is a cumbersome and expensive process ^ ^ then ^ £ with ^ etchi solution 

It would be desirable to have a single etohant which ^ ^ ben J th photore f ist tan ^ 

can etch several metels at similar rates. However, the rem * 

requirements for such an etchant are stringent. A single ma terial 

etchant solution must be able to etch different metals at 25 m lf . . , . , \. . « 4 4 . r 

about the same rate across the whole surface of the ™* Present etchant solution give excellent control of 
coated substrate; that is, the etch rate should be uniform ***** rat * {or ™°™ ^dependent of their 

at the edges and across the surface of the device, as well P OSIt ' 01 *, ° n «"»twte and does not promote interac- 
as for the different metals to be etched. The etchant ti .°" d J ffe ' ent metals s r uch f s dun™ and 

must also avoid undercutting the layers. That is, a good 30 mc ™; Although the etch rates for aluminum alone or 
etchant will minimize interaction between the various n «* el <? one ,n the etchant are very different, the rates 
metals which would cause undercutting of the various of dissolution are changed when the metals are together 
metal layers. In addition, the etchant must be compati- m the etchant, such that the etch rates for the different 
ble with conventional photolithographic techniques. m ^* ls m sinular # , 

The etchant should not attack the photoresist coating or 35 ^ temperature of the etchant solution during etch- 
cause a loss of adhesion of the photoresist to the metal ,n S K important and should be maintained between 
layer beneath which would cause undue undercutting about 25 to about 65 C " preferably from about 48 to 
and loss of resolution of the desired pattern. Finally, the 52 _P* « - 

etchant should not adversely affect the exposed sub- ™ etchant solution of the invention is made by 
stra t e . 40 adding the acids and hydrogen peroxide to water and 

mixing. A small amount of a surface active agent which 
SUMMARY OF THE INVENTION is stable in acidic solution is optionally added to im- 

The etchant solution of the invention comprises from P r ° ve the wetting properties of the etchant to the metal 
about 0.5 to about 50 percent by weight of nitric acid; laver s* A minimum amount of surfactant is employed; 
from about 0.03 to 1.0 percent by weight of hydroflu- 45 an amount sufficient to change the wetting properties of 
oric acid, from about 0.05 to 0.5 percent by weight of th e solution, but an amount insufficient to dilute the acid 
hydrogen peroxide, and from about 0.1 to 1.0 percent content of the solution. 

by weight of sulphuric acid in an aqueous solution. A The invention will be further described by the fol- 

surface active agent can be added to improve the wet- lowing Examples but the invention is not meant to be 

ting properties of the solution. This etchant etches vari- 50 limited to the details expressed therein. In the Examples 

ous metals at a uniform rate; is compatible with conven- parts are by weight 

tional photoresists; does not promote interaction be- EXAMPLE 1 

tween the metals during etching; and has minimal effect 

on insulating substrates. Silicon Wafers which were doped to define N and P 

55 type regions therein were coated first with a layer of 
DETAILED DESCRIPTION OF THE aluminum about 3 microns thick, then with a layer of 

INVENTION titanium about 0.3 micron thick to act as a barrier layer 

Various power devices comprise three or more layers with respect to a succeeding layer of nickel about 0.7 
of metal over an insulating substrate. These metals may . micron thick. 

include aluminum as a first layer which gives a good 60 The coated wafers were covered with Waycoat SC 
bond to the substrate; titanium, molybdenum or tung- photoresist and baked at 150° to 160* C. for 1.5 hours, 
sten as the second layer; these metals adhere to alumi- The resist was exposed through a mask and developed 
num and act as a barrier layer to prevent diffusion of to form a desired pattern of resist and metal, 
nickel or copper into the substrate and prevent reaction The wafers were then immersed in an etchant solu- 
of these metals to the aluminum; and nickel or copper as 65 tion maintained at about 50° C. for 16 to 20 minutes. The 
the third layer. These latter metals give good contact to etchant solution was made by mixing 24 parts of 70 
titanium for example, and are solderable metals. A percent nitric acid in 1960 parts of water, adding 2 parts 
fourth layer of copper can be put down between the of 40 percent hydrofluoric acid, 9 parts of 30 percent 
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hydrogen peroxide, 4 parts of 97 percent sulphuric acid 
and 1 part of Tergitol surfactant. 

Excellent pattern definition was obtained with little 
undercutting and all of the unprotected metal was re- 
moved. 

EXAMPLE 2 

Doped silicon wafers were passivated with a layer of 
polycrystalline, oxygen-doped silicon and coated with 
three metal layers and lithographically patterned as in 
Example 1. The wafers were immersed in the etchant 
solution of Example 1 for 20 minutes until the bared 
metal was removed. 

The surface of the exposed polycrystalline silicon 
passivation layer was examined under a microscope. No 
damage to this layer was noted. 

I claim: 

1. A method of etching three or more metal layers on 
a silicon-containing substrate using a single etchant 
which comprises applying a photoresist over the metal 
layers, exposing the photoresist through a mask, devel- 
oping the photoresist to reveal portions of the metal 
layers and immersing the wafer in an etchant solution 
comprising from about 0.5 to 50 percent by weight of 
nitric acid, from about 0.03 to 1 percent by weight of 
hydrofluoric acid, from about 0.05 to 0.5 percent by 
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weight of hydrogen peroxide and from about 0.1 to 1.0 
percent by weight of sulphuric acid until the metal not 
covered by photoresist has dissolved. 

2. A method according to claim 1 wherein said metal 
5 layers comprise a first layer of aluminum from about 0. 1 

to 8 microns thick; a second layer of titanium, molybde- 
num or tungsten from about 0.2 to 0.7 micron thick; and 
a third layer selected from the group consisting of 
nickel and copper or both from about 0.4 to 2 microns 
10 *ick. 

3. A method according to claim 1 wherein said sili- 
con-containing substrate is selected from the group 
consisting of silicon; doped silicon, polycrystalline sili- 

15 con, oxygen-doped polycrystalline silicon, silicon oxide 
and silicon nitride. 

4. A method according to claim 1 wherein the sub- 
strate is a silicon wafer, the metal layers are aluminum 
about 3 microns thick, titanium about 0,3 micron thick 

20 and nickel about 0.7 micron thick. 

5. A method according to claim 1 wherein the sub- 
strate is a polycrystalline, oxygen doped silicon over a 
doped silicon wafer and the metal layers are aluminum 
about 3 microns thick, titanium about 0.3 micron thick 

25 and nickel about 0.7 micron thick. 

***** 
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40 



45 
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[57] ABSTRACT 

A process for etching copper comprising contact of the 
copper with an etchant that is an aqueous solution of 
sulfuric acid, a peroxide and a low molecular weight 
carboxyltc acid. The low molecular weight carboxylic 
acid in the etchant exalts etch rate. 

27 Claims, No Drawings 
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ETCHANT WITH INCREASED ETCH RATE 

BACKGROUND OF THE INVENTION 

1. Introduction 5 
This invention relates to an etchant comprising sulfu- 
ric acid activated with hydrogen peroxide and charac- 
terized by an enhanced etch rate. The etchant is particu- 
larly useful in the manufacture of printing circuit 
boards. 10 

2. Description of the Prior Art 

The activation of relatively dilute mineral acids with 
an oxygen release compound is known in the art and 
described, for example, in Plating "Surface Treatment 
of Metals with Peroxygen compounds", Vol. 42, p. 561 15 
(1955). In the Plating publication, it is taught that min- 
eral acids such as sulfuric acid, nitric acid, acetic acid 
and phosphoric acid may be activated with oxygen 
release compounds such as hydrogen peroxides or other 
peroxy, persulfate or perborate compounds. The oxy- 20 
gen release compounds enhance the etch rate thereby 
permitting a decrease in the concentration of the acid. 

Activation of dilute sulfuric acid with hydrogen per- 
oxide is most attractive due to low cost and ease of 
electrolytic copper recovery from the spent etchant 25 
prior to disposal. However, the utility of hydrogen 
peroxide etching solutions is reduced somewhat due to 
catalyzed decomposition of hydrogen peroxide caused 
by etched metal ions or other transition metal ions in 
solution and a slow etch rate, typically 1.4 mils of cop- 30 
per from 1 ounce copper clad laminate in 10-25 minutes 
at 120* F. To enhance or exalt etch rate, more concen- 
trated solutions of hydrogen peroxide have been used, 
but concentrated peroxide solutions are hazardous to 
health and safety. In addition, such etchants have not 35 
been successfully used with tin dissimilar metal etch 
resists because they attack tin, especially immersion tin. 

In U.S. Pat. No. 4,130,454, incorporated herein by 
reference, a modified peroxide etch is disclosed and 
claimed. The etchant comprises hydrogen peroxide and 40 
a molybdenum compound in an acidic solution. The 
hydrogen peroxide provides a sustained etch rate and 
the molybdenum etches at a substantially greater rate 
than the peroxide thereby exalting the rate to a desired 
level for commercial use. Molybdenum cannot be used 45 
as a sole oxidant because it is rapidly depleted due to 
reduction to a lower valence form as etching proceeds. 
It is therefore incapable of providing sustained etching. 
Patentee proposes a theory that the combination of 
peroxide and molybdenum is a synergistic combination 50 
because both are believed to etch the peroxide in the 
acid environment while providing the secondary func- 
tion of oxidizing molybdenum to a higher valence capa- 
ble of etching metals in the acidified environment. 

The peroxide etchants described above are used to 55 
etch copper both by immersion and by spraying. Im- 
mersion etching comprises immersing a part within the 
etchant until the desired amount of metal is dissolved. 
Spray etching comprises spraying a finely divided 
stream of etchant against the surface of the part until the 60 
desired amount of metal is dissolved. Spray etching 
generally provides the advantage of a more rapid etch 
rate because the finely divided droplets of etchant are 
aerated resulting in additional oxygen at the surface of 
the part being etched and a concommitant increase in 65 
etch rate. 

The etchants of the aforesaid U.S. Pat. No. 4,130,454 
do provide the exalted etch rate as reported in the pa- 



2 

tent for immersion etching. However, for' spray etching, 
the etch rate appears to be retarded rather than exalted 
which is contrary to that which would be expected. 
Consequently, the etchant of said patent is usable for 
spray etching, but spray etching of said etchant may not 
be commercially practical where high through put of 
parts is required. 

SUMMARY OF THE INVENTION 

The invention described herein is a peroxide etchant 
especially useful for rapidly dissolving large quantities 
of copper containing metals — i.e., copper and its alloys. 
The etchant is characterized by an exalted etch rate 
when used in both the immersion and spray modes. For 
immersion etching, the etchant of the invention has an 
etch rate comparable to the etchants of the aforesaid 
patent utilizing molybdenum as the exaltant and are able 
to dissolve all of the copper from a one ounce copper 
clad circuit board base material in from about 6 to 8 
minutes, dependent upon the specific formulation used. 
For spray etching, the etchants are capable of dis- 
solving all of the copper from one ounce copper clad 
base material in about 1.5 to 3 minutes compared to 
from about 10 to 15 minutes for those etchants using 
molybdenum as the exaltant. 

In accordance with the invention, increased etch rate 
is achieved by the addition of a low molecular weight 
carboxylic acid to a peroxide etchant in sufficient quan- 
tity to increase the etch rate to the desired level. The 
carboxylic acid provides a secondary advantage of sta- 
bilizing the etchant against peroxide decomposition. 

The etchants of the invention are used primarily as a 
final etch to dissolve large quantities of copper such as 
in chemical milling and printed circuit board manufac- 
ture. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For purposes of definition herein, the term etchant is 
used in its art recognized sense as a solution to remove 
substantial quantities of metal from a metal surface (de- 
scription from The Language of Printed Circuits, PC 
FAB, July, 1982, Pg. 60) as contrasted to a pickling 
solution that is used to remove contaminants from the 
surface of a metal such as oxides and scales (description 
from Finishing Handbook and Directory 1979, edited 
by Capp, Sawell Publications Ltd., London, P. 891). 

Though acids other than sulfuric acid may be used as 
a source of acidity for the etchants of the invention, 
sulfuric acid is preferred because it is the most economi- 
cal, provides best results and yields copper sulfate upon 
saturation which is readily recovered by lowering the 
temperature of the etchant. Other acids may be used in 
admixture with the sulfuric acid for specific results. 
Therefore, the term sulfuric acid as used herein means 
sulfuric acid alone or mixed with other acids in lesser 
amounts where desired. 

The concentration of the acid in the etchant may vary 
within broad limits but preferably, the acid content of 
the etchant is relatively low varying between about 0. 1 
and 2.5 Normal and preferably between about 0.5 and 
1.5 Normal. 

The peroxide content of the etchant may also vary 
within relatively broad limits such as from 0.1 to 10 
moles per liter of solution. However, because peroxide 
is a relatively dangerous material to handle, its concen- 
tration is preferably maintained relatively low and pref- 
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erably within the range of between about 0.5 and 2.5 
moles per liter. As the peroxide content drops below 0.3 
moles per liter, the etch rate begins to decrease. 

The exaltant is a low molecular carboxylic acid con- 
forming to the following general formula: 

o 
II 

R— C-OH 

where R is hydrogen or a lower alkyl group having 
from 1 to 6 carbon atoms. Examples of suitable acids 
include acetic acid, propionic acid and butyric acid. Of 
the carboxlic acids encompassed by the above formula, 
propionic acid is preferred. 

The concentration of the carboxylic acid can vary 
within broad limits. In all cases, the amount is sufficient 
to exalt the rate, preferably to a rate double the rate of 
etch absent the acid. This amount can vary from 0. 1 to 



10 



15 



New York, 1967, Chapter 5, incorporated herein by 
reference. 

In a typical process for the manufacture of a printed 
circuit board, a suitable base material is selected such as 
copper clad epoxy. Holes are drilled at appropriate 
locations on the board and the walls of the holes are 
metallized with copper to provide electrical contact 
between the two surfaces of the base material. Methods 
for metallization are known and include the steps of 
cleaning, catalyzing and electroless copper deposition. 

Following metallization of the holes, utilizing a pro- 
cess known as pattern plating, a conductor pattern is 
formed on the copper by application of an organic resist 
material which may be either a photoresist or a screen 
resist, dependent upon the design and definition of the 
board. The resist coats the copper that is not pan of the 
conductor pattern and leaves the copper bare in a con- 
ductor pattern. Thickness of the copper pattern is then 
increased by electrolytic copper plating. Following 



2.0 moles per liter ofetchant and amounts of from about 20 copper plating, a dissimilar metal etch resist such as 



0.3 to 1 mole per liter are preferred 

Peroxide etchants are typically stabilized to prevent 
catalytic decomposition of the peroxide caused by metal 
impurities. The exaltants of the invention function as 
stabilizers. If desired, other stabilizers known to the art 25 
may be added such as the ayrlsulfonic acids or salts 
thereof as disclosed in U.S. Pat. No. 3,801,512. In this 
patent, a preferred stabilizer is phenol sulfonic acid. 
Other stabilizers include sulfosalicylic acid and toluene 



solder may be applied over the copper in the conductor 
pattern to protect the same from subsequently applied 
etchants, the organic resist is removed exposing the 
unwanted copper (not part of the conductor pattern), 
and the unwanted copper is dissolved with a suitable 
etchant for the copper such as that disclosed herein 
while the conductor pattern is protected from the etch- 
ant by the dissimilar metal etch resist. Typically, the 
dissimilar metal etch resist is selected not only for its 



sulfonic acid. The concentration of the stabilizer, if 30 ability to withstand the etchant, but also for its solder 



35 



40 



45 



used, may vary from as low as 1 gram per liter of solu 
tion to the solubility limit of the acid, but preferably 
varies between about 3 and 30 grams per liter of solu- 
tion. 

Another additive that may be added to the etchant of 
the invention is a source of phosphate ions used as an 
inhibitor to prevent attack on tin, especially immersion 
tin, as well as several other metals such as nickel and 
alloys of nickel such as gold alloys. The use of phos- 
phate ions as an inhibitor in such etchants is disclosed in 
U.S. Pat. No. 4,144,119. The concentration of the phos- 
phate ion in the etchant is not critical, minor amounts 
inhibiting attack on tin to some degree and larger 
amounts providing greater protection. This amount 
may vary between about 0.1 and 2.5 moles per liter (as 
phosphate) and more preferably, between about 0.25 
and 1.5 moles per liter, all as taught in the aforesaid 
patent. 

Using the etchants of this invention to etch copper at 
120° F., the bath will dissolve from about 70 to 80 grams 
of copper per liter assuming the hydrogen peroxide 
concentration is maintained between 50 and 100% of its 
initial makeup. Allowing the bath to cool to room tem- 
perature induces crystallization of copper compounds 55 
which may be recovered by filtration dependent upon 
the acid used. When sulfuric acid is used as the source of 
acidity, relative pure copper sulfate crystals may be 
recovered. Readjustment in the concentration of the 
components comprising the etch solution makes the go 
same suitable for re-use. 

The etchants of the invention are used for the same 
purposes as similar etchants of the prior art. They are 
particularly used for the manufacture of printed circuit 
boards and for chemical milling. Procedures for the 
formation of printed circuit boards are described in 
numerous publications, for example, in Coombs, Printed 
Circuits Handbook, McGraw-Hill Publishing Company, 



ability so that electrical connections can be soldered 
directly to the etch resist. 

The invention will be better understood by reference 
to the following examples: 

EXAMPLES 1 THROUGH 9 



50 



Sulfuric acid (50%) ml 1 63.0 

Phosphoric acid (50%) ml 50.0 
Surfactant gm 0- 3 
Copper sulfate.5H 2 O l gm 1 16. 1 

Hydrogen peroxide (50%) mJ 50.0 
Propionic acid (100%) ml variable 

Water to 1 liter 

'Copper sulfate added to simulate commercial conditions of use. 

The above etchants were used to etch copper from a 1 
ounce copper clad epoxy substrate (1.4 mil thick cop- 
per) by immersion in the etchant maintained at 120° F. 
until all of the copper was removed. The amounts of 
propionic acid used and the results obtained (average of 
three samples) are set forth in the following table: 



Example No. 


Amount (ml) 
Propionic acid 


Time (min.) 




o 


a? 




to 


12.7 




21 


9.7 




31 


6.7 




42 


\4 




52 


6.7 




62 


7.1 




S3 


6.4 




104 


i.O 



65 



EXAMPLES 10 AND 1 1 



Sulfuric acid (50%) ml 



163.0 
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Phosphoric acid (50%) ml 


50,0 


Phenol sulfonic acid gm 
Copper sulfate.5HjO' gm 


1.0 


75.1 


Hydrogen peroxide ($0%) ml 


50.0 


Propionic acid (100%) ml 


variable 


Water 


to 1 liter 
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-continued rate °^ etcnm S of toe copper metal, and a low molecular 

weight carboxylic acid in an amount sufficient to exalt 
the etch rate to a rate at least double that achievable 
with the peroxide-sulfuric mixture alone. 

6. The process of claim 5 where the copper metal is 
contacted with the etchant for a time sufficient to dis- 

, . . , „. ~\ solve a copper layer having a thickness of at least 0.1 

'Copper sulfate added to annulate commercial conditions of use. In example 1 1, the *i 
copper sulfate concentration was at 89.9 grams per liter. mils. 

7. The process of claim 5 where the peroxide content 
The epoxy substrates of examples 1 to 10 were used for 10 varies between 0.5 and 2.5 moles per iter. 

these examples, but etching was by spraying at 120* F. 8. The process of claim 6 where the carboxylic acid 

rather than by immersion. Without the propionic acid, it conforms to the general formula: 
took 1 8.4 minutes to remove the copper. With 53 ml per 

liter of propionic acid, the etch time was reduced to 3 o 

minutes. 15 II 

R— C— OH 

EXAMPLE 12 

The procedure of examples 10 and 1 1 was repeated where R is hydrogen or alkyl having from 1 to 6 carbon 
substituting acetic acid for propionic acid. The acetic atoms. 

used was a 98% solution and added in an amount of 40 20 9. The process of claim 8 where the carboxylic acid is 
ml per liter. With a fresh etchant, the spray time was 20 propionic acid. 

minutes. After 20 minutes of use, the spray time was 5.5 10. The process of claim 5 where the carboxylic acid 
minutes indicating that an aging process of some sort is present in an amount of from 0.1 to 2.5 moles per liter 
might be necessary for acetic acid. of solution. 

A printed circuit board may be prepared from copper 25 u t jhe process of claim 6 where the contact of the 
clad epoxy substrate using the following sequence of copper metal is by immersion of the copper metal in a 
steps: solution of the etchant. 

a. Clean the substrate and drill holes at approilate 12. The process of claim 6 where the contact of the 
locations. copper metal is by spraying the etchant onto the surface 

b. Metallize the walls of the holes by electroless plat- 30 of ^ coppet meta j 

ing including the steps of catalysis with a catalyst 13 A process for the man ufacture of a printed circuit 
such as catalyst 6F of Shipley Company Inc., accel- comprismg the st ep of contacting a copper clad 

erate with a mild acid solution and electrolessly dreuh base material, having an etch resist 

plate copper such as with copper mix CP-74 of overthe8urface of the copper defining a circuit pattern, 
Shipley Company Inc. 35 ^ m for a ^ suffident tQ remove ^ ex . 

c. Apply a positive working photoresist such as Mi- ^ etchant rigin „ aqueous solu . 
croposit jdu, expose : ana acveiop tion of&petoxide ^ sulfuric acid( ^ 

in an amount 

f^Tt^Tl £!?f£ l^Lr sufficient to provide a sustained rate of etching, and a 

e. Apply immersion tin over the exposed copper. , / . . , ... . 

f. Remove the photoresist by dissolution in a Stable 40 *™ molecular weight carboxyhc acid m an amoun 
solvent sufficient to exalt the etch rate to a rate m excess of that 

g. Remove exposed copper by immersion of the cir- achievable by the peroxide-sulfuric mixture alone, 
cuit board in the etchant of example 9 until all 14 The process of claim 13 where the carboxylic acid 
unwanted copper is dissolved. » present in an amount sufficient to double the etch rate 

I claim: 45 re kti ve to said etchant free of the carboxylic acid. 

1. A process for the manufacture of a printed circuit 15. The process of claim 13 where the peroxide con- 
board comprising the step of contacting a copper clad tent varies between about 0.5 and 2.5 moles per liter, 
printed circuit board base material, having an etch resist 16. The process of claim 15 where the carboxylic acid 
over the surface of the copper defining a circuit pattern, conforms to the general formula: 

with an etchant for a time sufficient to remove all ex- 50 

posed copper, said etchant comprising an aqueous solu- o 
tion of a peroxide and sulfuric acid, each in an amount c—oh 
sufficient to provide a sustained rate of etching, and 

propionic acid in an amount sufficient to exalt the etch , lt . c . . £ . 

rate to a rate in excess of that achievable by the perox- 55 where R is hydrogen or alkyl having from 1 to 6 carbon 
ide-sulfuric mixture alone. at °? s ' t. *u u r 

2. The process of claim 1 where the propionic acid is «• ™* P"»» of claim 16 where the carboxylic acid 
present in an amount sufficient to double the etch rate is propionic acid. 

relative to said etchant free of the carboxylic acid. M- The process of claim 13 where the concentration 

3. The process of claim 1 where the peroxide content 60 of the carboxylic acid ranges from about 0.1 to 2.5 
varies between about 0.5 and 2.5 moles per liter. moles per liter of solution. 

4. The process of claim 1 where the concentration of 19. The process of claim 13 where the etch resist is 
the propionic acid ranges from about 0.1 to 2.5 moles solder or immersion tin. 

per liter of solutioa 20. The process of claim 19 where the etchant con- 

5. A process for dissolving a copper containing metal 65 tains a solution soluble phosphate. 

comprising contact of the copper metal with an etchant 21. The process of claim 13 where the contact of the 
that is an aqueous solution of a peroxide and sulfuric printed circuit board base material is by immersion in a 
acid, each in amounts sufficient to provide a sustained solution of the etchant. 



07/08/2003, EAST version: 1.03.0002 



o 

II 

R-C-OH 



4,462,861 

7 8 

22. The process of claim 13 where the contact of the 2S * ^ P rocess of claim 23 where the carboxylic acid 
. , . . A * ■ i • u . i_ . conforms to the general formula 

circuit board base material is by spraying the etchant 

onto the surface of the printed circuit board base mate- 
rial. 5 

23. A process for exalting the etch rate of a hydrogen 
peroxide-sulfuric acid etchant, said process comprising where R is hydrogen or alkyl having from 1 to 6 carbon 
adding a low molecular weight carboxylic acid to the w ^.^he process of cIaim 25 where the cixboxy]ic acid 
etchant in a concentration sufficient to double the etch is propionic acid. 

rate compared to an etchant free of the carboxylic acid. 21 • ^ P r °cess of claim 26 where the carboxylic acid 

— . . . . , , is present in an amount of from 0,1 to 2.5 moles per liter 

24. The process of claim 23 where the peroxide con- of solution. 

tent varies between 0.5 and 2.5 moles per liter. 15 * * * * * 
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[57] ABSTRACT 

A method for removing metal surface contaminants from 
silicon metalloid. The method comprises sequentially con- 
tacting the silicon with gaseous hydrogen fluoride and then 
with an aqueous solution comprising at least one -half weight 
percent hydrogen peroxide. The method is especially useful 
as a means for recovering metal surface contaminants on 
semiconductor grade silicon for analysis of surface contami- 
nation of the silicon by such metals. The method is useful for 
recovering copper from the surface of semiconductor grade 
silicon in an aqueous solution which can be analyzed 
directly to determine the amount of copper contamination of 
the surface of the silicon. 

20 Claims, No Drawings 
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METHOD FOR REMOVING METAL 
SURFACE CONTAMINANTS FROM SILICON 

BACKGROUND OF INVENTION 

The present invention is a method for removing metal 
surface contaminants from silicon metalloid. The method 
comprises sequentially contacting the silicon with gaseous 
hydrogen fluoride and then with an aqueous solution com- 
prising at least one-half weight percent hydrogen peroxide. 
The method is especially useful as a means for recovering 
metal surface contaminants on semiconductor grade silicon 
for analysis of surface contamination of the silicon by such 
metals. The method is useful for recovering copper from the 
surface of semiconductor grade silicon in an aqueous solu- 
tion which can be analyzed directly to determine the amount 
of copper contamination on the surface of the silicon. 

The production of high density integrated circuits requires 
wafers of monocrystalline silicon of high purity. Metal 
contaminants of the silicon including, among others, copper, 
gold, iron, cobalt, nickel, chromium, tantalum, zinc, 
tungsten, titanium, magnesium, molybdenum, and alumi- 
num can be harmful to the production of such integrated 
circuits. These impurities, even in small amounts, may 
introduce defect sites in the semiconductor grade material 
which can ultimately result in degraded device performance 
and limited circuit density. Therefore to control the quality 
of silicon intended for use in the semiconductor industry, 
methods for cleaning silicon as well as accurate methods for 
determining metals contamination of the surface are desired. 

Methods for surface cleaning of silicon used in semicon- 
ductor devices are well known in the art. Such methods are 
described in Iscoff (Editor), Semiconductor International, 
July, 1993, pages 58-63, and include a method typically 
referred to as the "RCA" method. The RCA method com- 
prises cleaning the silicon with an aqueous H 2 0 2 — NH 4 0H 
and an aqueous H 2 0 2 — HCL mixture at 75° C. to 80° C. for 
10 minutes. Burggraaf (Editor), Semiconductor 
International, October, 1990, pages 52 to 58, further dis- 
cusses such cleaning techniques, Burggraff states that 
although a HF-vapor process can remove native oxide 
layers, these processes cannot effectively remove metallic 
contaminates because most metals do not generate volatile 
species with appreciable vapor pressure. Burggraff further 
states that an integral de ionized water rinse following expo- 
sure to vapor-phase HF cleaning can remove soluble metal- 
lic species. 

Park et al., J. Electrochem. Soc, Vol. 142(No.2), pages 
571 to 576, describe the use of aqueous solutions comprising 
HF— HsO, HN0 3 — HF — H 2 0 , or HN0 3 — HF — H 2 0 2 for 
cleaning silicon. Park et al. also describe the use of aqueous 
HF — W^O^ systems for cleaning silicon. 

Niwayama et al., JP (Heisei) 5-4811, describe the treat- 
ment of silicon with an aqueous solution of hydrogen 
fluoride and hydrogen peroxide. The solution comprises by 
volume one portion of a 50 weight percent aqueous solution 
of hydrogen fluoride, 0,03 to 4 portions of a 31 weight 
percent hydrogen peroxide solution, and one to ten portions 
of water. 

In a preferred embodiment of the present invention metal 
surface contaminants are recovered from semiconductor 
grade silicon in an aqueous solution, which is then analyzed 
by standard analytical techniques to quantify the amount of 
metal surface contamination of the semiconductor grade 
silicon. The present method offers an advantage over wet 
methods currently used in the art for cleaning silicon met- 
alloid by not requiring large volumes of aqueous hydrogen 
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fluoride. Another advantage of the present method is the 
ability to remove metal oxides and metals bonded directly to 
silicon, such as copper, from the surface of the silicon. The 
present method allows for essentially quantitative recovery 
5 of metal surface contaminants, such as copper, in aqueous 
solution from the surface of semiconductor grade silicon, 
and thereby provides a convenient solution for analysis of 
the concentrations of the removed metals. 

10 SUMMARY OF INVENTION 

The present invention is a method for removing metal 
surface contaminants from silicon metalloid. The method 
comprises sequentially contacting the silicon with gaseous 
hydrogen fluoride and then with an aqueous solution com- 

15 prising at least one-half weight percent hydrogen peroxide. 
The method is especially useful as a means for recovering 
metal surface contaminants on semiconductor grade silicon 
for analysis of surface contamination of the silicon by such 
metals. The method is useful for recovering copper from the 

20 surface of semiconductor grade silicon in an aqueous solu- 
tion which can be analyzed directly to determine the amount 
of copper contamination of the surface of the silicon. 

DESCRIPTION OF INVENTION 

25 

The present invention is a method for removing metal 
contaminants from the surface of silicon metalloid. The 
method comprises 

(A) in a first step contacting silicon metalloid having a 
30 metal surface contaminant with vapor phase hydrogen 

fluoride and 

(B) in a second step contacting the silicon metalloid 
having the metal surface contaminant with an aqueous 
solution comprising at least one-half weight percent 

35 hydrogen peroxide. 

The silicon metalloid (herein referred to as "silicon") 
from which metal surface contaminants can be remove by 
the present method is not limiting and can generally be any 
composition comprising at least 95 percent by weight of 

40 elemental silicon. A preferred silicon for use in the present 
invention is semiconductor grade silicon. By "semiconduc- 
tor grade" silicon, it is meant a material comprising at least 
99 percent by weight silicon. The physical shape of the 
silicon is not critical to the present invention and can be in 

45 the form of rods, wafers, chunks, and particles. The present 
method is especially useful for removing metal surface 
contaminants from silicon chunks intended for use in a 
process such as the Czochralski method for forming monoc- 
rystalline silicon from a melt. 

50 In the first step of the present process, the silicon having 
a metal surface contaminant is contacted with hydrogen 
fluoride in the vapor phase. The method of contacting the 
silicon with the hydrogen fluoride is not critical to the 
present invention. It is preferred that the contact be effected 

55 in a closed vessel formed from a non-contaminating material 
such as Teflon® (E.I. du Pont de Nemours and Co., 
Wilmington, Del). The hydrogen fluoride can be provided 
to the vessel either initially in the gaseous phase or as a 
saturated aqueous solution from which the gaseous hydro - 

60 gen fluoride is evolved. Preferred is when the hydrogen 
fluoride is provided to the vessel as an aqueous solution from 
which the gaseous hydrogen fluoride then evolves. An 
advantage of the present invention is that it does not require 
large quantities of aqueous hydrogen fluoride to be effective. 

65 It is not necessary to provide the aqueous hydrogen fluoride 
to the vessel in a quantity sufficient to wet the surface of the 
silicon or to effect a rinse of the silicon. It is preferred to use 



07/08/2003, EAST Version: 1.03.0002 



5,85 

3 

volumes of aqueous hydrogen fluoride which are insufficient 
to wet the surface of the silicon in the vessel. Typically about 
0.5 ml to 5 ml of a 50 weight percent aqueous hydrogen 
fluoride solution, or the equivalent thereof, per each 250 ml 
of container volume is considered useful in the present 
method. The weight and surface area of the silicon sample 
is not particularly critical and can be varied within wide 
limits. An example of a useful weight of silicon and a 
physical form is provided in the examples herein. 

The silicon can be contacted with the hydrogen fluoride 
vapor at a temperature within a range of about 15° C. to 100° 
C. Preferred is when the silicon is contacted with the 
hydrogen fluoride vapor at a temperature within a range of 
about 20° C. to 30° C. The required length of time of contact 
of the silicon with the hydrogen fluoride vapor will depend 
to a great extent on the temperature at which the contact is 
effected. Generally the contact time should be at least ten 
minutes. Preferred is when the contact time is at least one 
hour and the contact temperature is within a range of about 
20° C. to 30° C. 

In a second step of the present method the silicon having 
the metal surface contaminant is contacted with an aqueous 
solution comprising at least one-half weight percent hydro- 
gen peroxide. The weight percent hydrogen peroxide as used 
herein means the weight percent of hydrogen peroxide in the 
final weight of water with which the silicon is contacted. 
Therefore, if an aqueous solution of hydrogen fluoride is 
used in the first step the volume of water added during this 
first step would be considered as part of the total water 
present in the method. It is not necessary that the residual 
aqueous solution of hydrogen fluoride be present during 
conduct of the second step, However, a portion of the metal 
surface contaminants present on the silicon may be removed 
during this step and should be accounted for in any subse- 
quent analysis. 

In the present method it is preferred that the aqueous 
solution comprise about one to 10 weight percent hydrogen 
peroxide. Even more preferred is when the aqueous solution 
comprises about 1.5 to five weight percent hydrogen per- 
oxide. Higher concentrations of hydrogen peroxide may be 
used if desired. 

A sufficient volume of the aqueous solution comprising at 
least one -half weight percent hydrogen peroxide should be 
added in the second step to ensure a complete wetting of the 
surface of the silicon. Generally, it is preferred that at least 
5 ml of the aqueous hydrogen peroxide solution be present 
in the method per each 100 g of silicon. Even more preferred 
is when at least 10 ml of the aqueous hydrogen peroxide 
solution is present in the method per each 100 g of silicon. 
The upper limit for the amount of aqueous hydrogen per- 
oxide solution that may be added to the present method is 
defined by the practicality of handling the volume of the 
resulting aqueous phase, and by dilution considerations if 
the aqueous phase is to be analyzed for metals. In a preferred 
method, about 10 ml to 20 ml of aqueous hydrogen peroxide 
solution is used per each 100 g of silicon. 

The temperature at which the silicon is contacted with the 
aqueous hydrogen peroxide solution is not critical and can 
generally be within a range of about 15° C. up to the 
decomposition temperature of the hydrogen peroxide. Pre- 
ferred is when the silicon is contacted with the aqueous 
solution of hydrogen peroxide at a temperature within a 
range of about 20° C. to 30° C. The length of time the silicon 
is contacted with the aqueous solution of hydrogen peroxide 
is not critical and can generally be that required to ensure a 
thorough contact with the surface of the silicon. Generally a 
contact time of at least one minute is preferred. Even more 
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preferred is when the silicon is contacted with the aqueous 
solution of hydrogen peroxide for about one to ten minutes. 

The present method is especially useful for removing 
metal surface contaminants from silicon for determining the 

5 amount of such metals on the surface of the silicon. By the 
term "metal surface contaminants" it is meant any metal or 
metal compound present on the surface of the silicon. The 
present method is useful for removing all metals typically 
found on the surface of semiconductor grade silicon, includ- 

10 ing transition metals and heavy metals. Metals which may be 
removed from the silicon include copper, gold, iron, cobalt, 
nickel, chromium, tantalum, zinc, tungsten, titanium, 
magnesium, molybdenum, and aluminum. The present 
method is particularly effective in removing those metals 

15 from the surface of silicon where the metal is directly 
bonded to silicon atoms. Copper is an example of a metal 
which may be bonded directly to silicon atoms and which 
can be removed from the surface of silicon by the present 
method. 

20 In a preferred embodiment of the present invention the 
aqueous phase containing the metal surface contaminant is 
analyzed to determine metal concentration. Those skilled in 
the art will recognize that the silicon may contain more than 
one metal surface contaminant and consequently the aque- 

25 ous phase may contain more than one metal contaminant. 
The method of analyzing the aqueous phase for metal 
contaminants can be any of those known in the art for such 
analysis. If desired, the aqueous phase may be dried by 
evaporation to concentrate or recover the metals as a solid 

30 residue for analysis. The aqueous phase may be analyzed for 
metal content by such methods as graphite furnace atomic 
adsorption, inductive coupled plasma mass spectrometry, 
and ion chromatography. In a preferred method, the aqueous 
phase is analyzed by graphite furnace atomic absorption. 

35 The following examples are provided to illustrate the 
present invention. These examples are not intended to limit 
the scope of the claims herein. 

EXAMPLES 

40 The ability to recover metal contaminants from the sur- 
face of semiconductor grade silicon in aqueous solutions 
consisting essentially of various concentrations of hydrogen 
peroxide was evaluated. The semiconductor grade silicon 
was obtained from a standard commercial process for pre- 

45 paring such silicon by chemical vapor deposition. The 
silicon was broken into pieces of a size such that three to 
four pieces weighed about 100 grams. Samples of approxi- 
mately 100 grams of the silicon were place in 250 ml acid 
cleaned Teflon® containers for testing. Each silicon sample 

50 was acid cleaned by standard wet methods to remove surface 
contamination. Ten microliters of a standard solution con- 
taining 12 ppbw Al (ppbw=parts per billion weight), 6 ppbw 
Fe, 9 ppbw Zn, 6 ppbw Cu, and 9 ppbw Na were added to 
each sample. 

55 About 1.5 ml of a 50 weight percent aqueous hydrogen 
fluoride solution was added to each silicon sample and the 
Teflon® container was sealed and allowed to set about 18 
hours. At the end of the 18 hours, 8.3 ml of a deionized water 
solution consisting essentially of hydrogen peroxide at a 

60 concentration sufficient to provide a final concentration as 
described in Table 1 was added to the appropriate silicon 
samples. The hydrogen peroxide was a commercially 
obtained unstabilized aqueous hydrogen peroxide solution 
comprising about 31 to 35 weight percent of hydrogen 

65 peroxide, diluted in deionized water as required. The final 
concentration of hydrogen peroxide is based on the total 
amount of liquid added to the Teflon® container. Appro xi- 
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mately 0.2 ml of concentrated nitric acid was added to the 
aqueous solution associated with each silicon sample to 
reduce the potential for evaporation of removed metals 
during analysis of the solution by graphite furnace atomic 
adsorption. Each Teflon® container was shaken sufficiently 
to insure an adequate rinse of the silicon sample. 

The resulting aqueous solutions were analyzed for the 
metals described in Table 1 by graphite furnace atomic 
absorption. In Table 1 the amount of each metal recovered 
is reported as a percent of that added by the stock solution, 
corrected for background as determined by appropriate 
blanks. 

TABLE 1 

Effect of H ? Q ? on Metals Recovery 
Wt. % Metal Recovery 



H 2 0 2 Cone. 


Al 


Fe 


Zn 


Cu 


Na 


0 


71 


95 


93 


5 


97 


0 


73 


93 


110 


3 


102 


0.26 


100 


113 


112 


53 


101 


0.26 


108 


161 
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205 


0.87 


118 


133 


94 


68 


99 


0.87 


89 


115 


99 


93 


98 


1.45 


125 


123 


104 


105 


100 


1.45 


91 


120 


102 


98 


88 


2.9 


84 


107 


103 


103 


93 


2.9 


103 


103 


104 


128 


93 



10 



15 



20 



25 



35 



40 



We claim: 

1. A method for removing metal surface contaminants 
from a silicon metalloid, the method comprising: 

(A) in a first step contacting silicon metalloid having a 
metal surface contaminant with vapor phase hydrogen 
fluoride and 

(B) in a second step contacting the silicon metalloid 
having the metal surface contaminant with an aqueous 
solution consisting essentially of at least one-half 
weight percent hydrogen peroxide. 

2. A method according to claim 1, where the silicon 
metalloid is semiconductor grade. 

3. A method according to claim 2, where the vapor phase 
hydrogen fluoride is evolved from a saturated aqueous 
solution of hydrogen fluoride. 

4. A method according to claim 3, where the silicon 
metalloid is contacted with vapor phase hydrogen fluoride 45 
by enclosing the silicon metalloid in a vessel containing a 
volume of the saturated aqueous hydrogen fluoride solution 

of about 0.5 ml to 5 ml per each 250 ml vessel volume. 

5. A method according to claim 4, where the contact in the 
first step is effected at a temperature within a range of about 50 
20° C. to 30° C. 

6. A method according to claim 1, where the contact in the 
first step is effected at a temperature within a range of about 
15° C. to 100° C. 

7. A method according to claim 1, where the aqueous 55 
solution of the second step comprises about one to 10 weight 
percent hydrogen peroxide. 

8. A method according to claim 1, where the aqueous 
solution of the second step comprises about 1.5 to five 
weight percent hydrogen peroxide. 

9. A method according to claim 1, where the contacting of 
the second step is effected at a temperature within a range of 



60 



about 15° C. up to the decomposition temperature of the 
hydrogen peroxide. 

10. A method according to claim 1, where the volume of 
the aqueous solution of the second step is about 10 ml to 20 
ml per each 100 g of silicon metalloid. 

11. A method according to claim 1, where the metal 
surface contaminant is copper. 

12. A method for analyzing semiconductor grade silicon 
for metal surface contaminants, the method comprising: 

(A) in a first step contacting semiconductor grade silicon 
metalloid having a metal surface contaminant with 
vapor phase hydrogen fluoride, 

(B) in a second step contacting the semiconductor grade 
silicon metalloid with an aqueous solution consisting 
essentially of at least one-half weight percent hydrogen 
peroxide thereby forming an aqueous phase containing 
the metal surface contaminant, and 

(C) analyzing the aqueous phase to determine metal 
concentration. 

13. A method according to claim 12, where the silicon 
metalloid is contacted with vapor phase hydrogen fluoride 
by enclosing the silicon metalloid in a vessel containing 
about 0.5 to 5 ml of a saturated aqueous solution of hydrogen 
fluoride per each 250 ml of vessel volume and the contacting 
of the first step is effected at a temperature within a range of 
about 15° C to 100° C. 

14. A method according to claim 12, where the aqueous 
solution of the second step comprises about one to 10 weight 
percent hydrogen peroxide. 

15. A method according to claim 12, where the aqueous 
solution of the second step comprises about 1.5 to five 
weight percent hydrogen peroxide. 

16. A method according to claim 12, where the volume of 
the aqueous solution of the second step is about 10 ml to 20 
ml per each 100 g of the silicon. 

17. A method according to claim 12, where the contact of 
the second step is effected at a temperature within a range of 
about 20° C. to 30° C. for a period of time of about one to 
ten minutes. 

18. A method according to claim 12, where the metal 
surface contaminant is copper. 

19. A method according to claim 12, where the aqueous 
phase is analyzed by use of graphite furnace atomic adsorp- 
tion. 

20. A method for analyzing semiconductor grade silicon 
for surface contamination by copper, the method compris- 
ing: 

(A) in a first step contacting semiconductor grade silicon 
metalloid having copper as a surface contaminant with 
vapor phase hydrogen fluoride, 

(B) in a second step contacting the semiconductor grade 
silicon metalloid with about 10 ml to 20 ml per 100 g 
of silicon of an aqueous solution consisting essentially 
of about 1 .5 to five weight percent hydrogen peroxide 
thereby forming an aqueous phase containing the 
copper, and 

(C) analyzing the aqueous phase to determine copper 
concentration by graphite furnace atomic absorption. 
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[57] ABSTRACT 

A metal etching process involving an oxidation- 
redaction reaction where the metal being etched is 
oxidized and the active ingredient in the etchant solu- 
tion is reduced, incorporates contacting said metal with 
an etching solution containing an active ingredient se- 
lected from the group consisting of ferric ions, ferricya- 
nide ions, eerie ions, chromate ions, dichromate ions, 
and iodine, and introducing ozone into said etching 
solution to rejuvenate and agitate the solution. 

15 Claims, No Drawings 
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METAL ETCHING PROCESS WITH ETCH RATE 
ENHANCEMENT 

BACKGROUND OF THE INVENTION 5 

This invention is directed to a metal etching process 
involving contacting a metal with an etching solution 
containing a metal ion or a complex ion in a first valence 
state which is reduced to a lower valence state, result- 
ing in oxidizing the metal being etched, thereby forming 10 
a metal ion which goes into the solution. More specifi- 
cally, the invention relates to a process for etching 
metals that normally have slow etch rates, which pro- 
cess greatly enhances the etch rate of the metals, and 
provides for rejuvenation of the etching solution. 15 

The general concept of etching metals, particularly 
copper, with an etchant solution containing an ion in a 
first valence state that is reduced to a lower valence 
state by an oxidizing reaction with copper, and forming 
an ion, is well known and widely used. The process 20 
applied to etching copper with ferric chloride solutions 
is described in U.S. Pat No. 1,969,678. Various tech- 
niques to rejuvenate the etching solution by oxidizing 
the oxidizing ion in solution back to the original first 
valence state is well known, as indicated by U.S. Pat. 25 
Nos. 2,886,420, 3,600,244, and 3,532,568. 

Normally, the etching of copper by such processes 
proceeds at an acceptable rapid etching rate, particu- 
larly with ferric chloride solutions. However, the etch- 
ing of other metals, for example, nickel, proceeds at an 30 
unacceptably slow rate, even though the oxidation po- 
tentials for the reactions are thennodynamically favor- 
able. The kinetics of the reaction are intolerably slow 
for various reasons, some of which are not completely 
understood. Conceivably some product of an intermedi- 35 
ate reaction blocks the metal surface and impedes the 
overall etching reaction. Agitation from of solution 
results in only a minor improvement. 



SUMMARY OF THE INVENTION 
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An object of this invention is to provide an improved 
process for etching various metals that improves the 
kinetics of the etching reaction. 

Another object of this invention is to provide an 
improved process for etching metals whereby the reac- 45 
tion rate of the etching reaction is materially increased, 
and the etching solution is rejuvenated. 

Yet another object of this invention is to provide a 
technique which results in rejuvenation of the etching 
solution. 50 

In accordance with the aforementioned objectives, 
there is provided an improved etching method for etch- 
ing metals wherein the metal to be etched is contacted 
with an etchant solution containing as an active ingredi- 
ent an ion or complex ion having a first valence state 55 
that is reducible to a second lower state by the metal, 
the etchant having an active ingredient selected from 
the group consisting of, but not limited to, ferric ions, 
ferricyanide ions, eerie ions, dichromate ions, chromate 
ions, and iodine while simultaneously introducing 60 
ozone into the etching solution to rejuvenate the solu- 
' tion and increase the etching rate of the metal. 

DESCRIPTION OF PREFERRED SPECIFIC 
EMBODIMENTS 

There are many applications, in particular in the elec- 
tronics industry, where there is a pressing need to etch 
relatively thick layers of metals. In a manufacturing 
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environment it is essential that the etching proceed at a 
rapid rate in order that the etching process will be eco- 
nomically feasible. A typical example of such a need for 
etching thick metal layers is in the forming of intercon- 
nection decals for joining semiconductor devices to 
electrical networks on supporting substrates. 

Nickel is a desirable metal for this purpose. When it is 
exposed to a ferric chloride solution, however, it may 
require up to six hours in the bath at room temperature, 
which is unacceptable throughput in a manufacturing 
environment. While an aqueous ferric chloride solution 
etches copper quite rapidly, it does not do the same for 
nickel Although the etching reaction of ferric chloride 
with nickel is thennodynamically quite favorable, the 
kinetics of the reaction are intolerably slow. Agitation 
of the solution during etching increases the reaction rate 
somewhat, but not significantly. The same situation is 
true in etching other metals such as molybdenum and 
other alloys that include iron and nickel. Such alloys 
include Kovar, composed of 29% nickel, 17% cobalt 
and 53% iron. Kovar is manufactured and sold by Wes- 
tinghouse Electric Corporation and is known for its 
thermal expansion characteristics that match hard glass. 
Another alloy that is difficult to etch is sold under the 
trademark INVAR and is formed of a mixture of iron 
and nickel. INVAR has a low coefficient of thermal 
expansion. Another alloy is sold under the trademark 
INCONEL composed of a combination of nickel and 
chromium. INCONEL is manufactured and sold by 
International Nickel Company and is corrosion resis- 
tant. Other alloys that are difficult to etch include brass, 
which is a combination of copper and zinc; bronze, 
which is a combination of copper and tin; steel, which is 
an alloy of iron and from 0.02 to 1.5% carbon; and 
stainless steel, which is composed of steel with an addi- 
tive, usually chromium or nickel. The etching of molyb- 
denum is particularly important in the production of 
masks used in the electronic industry. The etchant solu- 
tions used in the practice of our invention depends upon 
the oxidation of the metal being etched to an ion that is 
soluble in the etching solution. The etching process 
involves an oxidation-reduction reaction by an active 
ingredient in the etchant bath that oxidizes the metal to 
produce a metal ion which goes into the solution. For 
example, when etching nickel the following reaction 
occurs: 

Ni+2Fe 3+ -*Ni 2+ +2Fe+ 

The etching solutions contemplated for use in the prac- 
tice of this invention include ferric ions, ferricyanide 
ions, eerie ions, dichromate, chromate, and iodine. Typ- 
ically, ferric ions are provided in a ferric chloride solu- 
tion with a pH in the range of — 1 to 3. Ferricyanide 
ions are provided in a potassium ferricyanide solution 
with a pH in the range of 9 to 14, and eerie ions are 
provided in a eerie ammonium nitrate solution with a 
pH in the range of — 1 to +2. Iodine is provided in a 
KI-Ij solution. Such solutions are commonly used to 
strip gold and nickel. 

Obviously other cations or anions can replace the 
nonreactive cations or anions in the above solutions. 
For example, ferric bromide or ferric nitrate can be used 
instead of ferric chloride. The etchant solutions can 
have any suitable concentration of active ingredients 
that will satisfactorily etch the chosen metal. 

It has been discovered that the addition of ozone to 
the etching solution when etching the aforementioned 
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metals materially increases the etching rate and also 
rejuvenates the active oxidizing ingredient in the solu- 
tion. Generally, the etching rate is increased signifi- 
cantly more than solution agitation alone would 
achieve, as will be proven in the examples that follow. 5 
In addition, the rejuvenation of the solution is simulta- 
neously achieved without the addition or formation of 
agents in the solution that would otherwise hamper the 
etching reaction and/or reduce the effective life of the 
solution. The addition of ozone to an etching bath is 10 
straightforward, simple in operation, and scalable to 
large or small operations. The ozone addition leaves no 
chemical residue in the solution or on the equipment or 
backing layers. Further, the etch rate enhancement can 
be controlled by controlling the amount of ozone added 
to the etching solution. 

The redox chemistry of ozone in acid solution is de- 
scribed by the half reaction; 



O3+2H++2e--*O2+H2O(E* = +2.07 V) 

and in base solution 

0 3 +H 2 0-f2c--»02+20H-(E'=+1.24 V) 



20 



25 



Next to fluorine and its oxides, ozone is the most 
powerful oxidant It will thus reverse any redox reac- 
tion of E* <2.07 V in acid and E* < 1.24 V in base. Any 
etchant which involves a redox couple of a potential 
within these ranges is thus amenable to ozone reoxida- 30 
tion. 

The recycling sequence for ferric ions is thus 



Ni+2Fe 3 +-+2Fe 2 ++Ni a +(E*=1.02 V) 



and 



2Fe*+ +0 3 +2H+->02+H20+2Fe 3+ (E'~ + 1.30 
V) 

which combine to: 

Nt+03+2H+->02+H20+Ni2+(E'==2.32 V) 

For ferricyanide the rejuvenation reactions are as fol- 
lows: 

Mo + 6Fe(CN)j 3 - + 80H-^Mo0 4 2_ +4H 2 0 + 6- 
Fe(CN)6 4 -(E*= + 1.28 V) 



and 

0 3 +H 2 0+2Fc(CN)^--*2Fe(CN)6 3 - +O2+- 
20H-(E*= + 1.24 V) 

which combine to: 

M0+3O3+20H-—M0O4 2 - +H2O+302. 

(E' = +2.52V) 

Cerium redox chemistry is reversible as per the 
tion: 

2Cc 3 ++0 3 +2H+— 2Cb 4 ++HjO+O2(E* = +107 
V-1.44V«+0.63 V) 

Iodine/iodide reoxidation is as follows: 

3I-+O3+H2O-+I 3 -+2OH-+O2(E'=+0.7J V 
in base) 



3I-+03+2H+— 1 3 ~ +H 2 0+02(E*~ + 1.54 V in 
acid) 

Chromium reoxidation for rejuvenation of etching is as 
follows: 

2Cr 3 ++4H 2 0+30 3 -^07 2 -+8H++302- 

(E*=+0.74Viacid) 
2Cr(0H)3+4OH-+303-»2CK34 2 ~ +SH2O+3O2. 
(E* =1 + 1.36 V in base) 
Ozone can be produced very easily by commercially 
available generators. The ozone is generated by passing 
oxygen through a silent corona discharge. From there 
the O2-O3 stream is piped directly to the etchant bath 
where it is preferably passed through a glass frit filter 
and into the bath to produce bubbles* The product gas 
can be exhausted up through exhaust vents. The vigor 
of the bubbling should not be so great as to spatter the 
solution. A typical gas delivery is 5 cu. ft/hr. of 5 psi gas 
through 3 liters of 75% w/w ferric chloride. The gas 
introduced into the etching solution will vary some- 
what but is preferably in the range of from 0.1 to 10% 
ozone, more preferably in the range of 2% to 9% by 
weight ozone, with the balance being Ch* The increase 
in etching rate of metal achieved by the addition of 
ozone, compared to etching by conventional tech- 
niques, will vary somewhat depending on the metal 
being etched and the specific etching solution. How- 
ever, the increase in etching rate is significant and varies 
from 4 to 20 times the etching rate compared to pro- 
cesses where no ozone is used. 

The following examples are presented to illustrate 
preferred embodiments of the process of our invention, 
and should not be construed to unduly limit the scope of 
the claims. 

EXAMPLE 1 

Metal etch specimens were prepared by placing a 
release layer of polymethyl methacrylate on a backing 
40 sheet, laminating a 1 mil thick nickel foil onto the re- 
lease layer, placing a photoresist layer over the metal, 
and exposing and developing the resist layer exposed to 
form a pattern on the layer. The areas of the photoresist 
were removed. The resulting specimen was immersed in 
45 a 75% w/w ferric chloride solution at a temperature of 
20* G, and the etching action observed. When the un- 
covered nickel areas were removed by etching, the 
specimen was removed from the etchant bath that the 
etching time noted. The total time of immersion, neces- 
sary to etch through the 1 mil thick nickel layer, was 6 
hours. 



35 
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EXAMPLE 2 

An unetched specimen as prepared in Example 1, was 
immersed in the same ferric chloride solution at the 
same temperature, and 9% by weight ozone in O2 was 
bubbled through the solution at a rate of 5 ft.Vhr. at an 
overpressure of 5 psi. The specimen was removed when 
reac- $q the exposed portion of the nickel foil was etched away. 
The total time of immersion necessary to etch the ex- 
posed nickel foil was found to be 53 minutes. This repre- 
sents a 6.8 fold increase in the etchant rate compared to 
the process of Example 1. It was also noted that neither 
65 the photoresist nor the backing layer was affected by 
the etching action. This demonstrates a dramatic in- 
crease in the etching rate of Ni by ferric chloride 
achieved by the process of the invention. 
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EXAMPLE 3 

In order to determine what effect the agitation of the 
solution by itself has on etching rate, a specimen, as 
prepared in Example 1 was immersed in the same ferric 5 
chloride solution at the same temperature in the same 
tank, and oxygen bubbled through the etchant at a rate 
of 5 ftVhr. at 5 psl After 32 minutes the specimen was 
removed, the thickness of the exposed nickel film mea- 
sured, and the average etchant rate calculated. It was 1° 
observed that the oxygen agitation produced only a Z5 
fold increase in the etchant rate as compared to Exam- 
ple 1. 

EXAMPLE 4 15 

The same procedure described in Example 3 was 
followed except that nitrogen was bubbled through the 
etching solution at a rate of 5 ft 3 /hr at 5 psi. The total 
time to etch through the nickel layer was calculated and 
compared to the time and etch rate of Example 1 . It was 20 
found that nitrogen agitation also produced a 2.5 fold 
increase in the etchant rate as compared to Example 1. 
Examples 3 and 4 indicate that the etchant rate can be 
increased by agitation of the solution, but the increase in 
rate is materially less than the rate increase achieved by 
the process of the invention. The similar etch rates using 
O2 and N2 indicate that the increase is due solely to 
agitation. 

EXAMPLES 30 

As a control, a strip of shiny molybdenum metal 
weighing 3.3510 g was immersed in a spent etchant bath 
approximately one month old having roughly 22-24% 
by weight of potassium ferrocyanide plus potassium 35 
ferricyanide, plus 1.3% to 2.6% molybdenum (dis- 
solved as molybdate, Mo04 2 ~), with a pH of 12.5, for 
30 minutes. The strip was removed and weighed. The 
weight was 3.1839 g, which represents a 5.0% weight 
loss. 40 

EXAMPLE 6 

The procedure of Example 5 was repeated using 
molybdenum strips with the same surface area and 
thickness as the strips used in Example 3, except that 45 
oxygen gas was bubbled through the etchant while the 
molybdenum strip was immersed. The strip underwent 
a 9.7% weight loss. The increase in the etchant rate was 
attributed to agitation of the etchant. 

EXAMPLE 7 50 

The spent etchant bath of Example 5 was ozonated 
with a 9% O3 in oxygen for 1 hour, and subsequently a 
strip of molybdenum was weighed and immersed as the 
bubbling of O3 in oxygen was continued. The molybde- 55 
num strip had the same surface area, and thickness as 
the strips used in Examples 5 and 6. After 40 minutes 
the strip was removed and weighed. It was found to 
have undergone a 34.7% weight loss. A second strip 
was subsequently weighed and immersed for 1 hour as 60 
ozone in oxygen was bubbled through the etchant. 
After an hour the strip was removed and weighed. It 
had undergone a weight loss of 38.3%. The experiment 
proves that spent solutions of potassium ferricyanide 
can be rejuvenated by ozone, that the etchant rates in 65 
such solutions are reproducible, and are significantly 
higher than when no agitation, or when agitation of the 
solution is provided. 



6 

EXAMPLE 8 

An etch bath consisting of 2 liters of K3Fe(CN)6 (146 
gm/liter) with some dissolved molybdenum (9 g MoA 
liter), a pH of 11.5, and a temperature of 46° C. was 
ozonated as previously described. A Mo sheet with a 
resist layer thereon defining a pattern was immersed in 
the bath. After two hours of etching the etchant pene- 
trated through the Mo sheet After 3 hours of etching 
the resist layer sheeted off as a brown film. This perfor- 
mance is contrasted with the normal spray etching of 
the Mo sheet where the etchant is at 60* C, and a pH of 
12.5. Even with 30-40 minutes of exposure to the etch- 
ant, the resist barely survives. Survival of the resist for 
3 hours of etching is unheard of, as is operation at a pH 
as low as 1 1.5. The example points up the advantages of 
the process of the invention Le., (1) a lower pH permits 
longer resist life, (2) a lower temperature diminishes 
vapor loss from the bath and (3) the increased rate of 
etching improves throughput. 

EXAMPLE 9 

A depleted aqueous molybdenum etching solution 
chosen to be regenerated contained originally 215 
grams/liter K3Fe(CN)6, plus 71.6 grams/liter KOH to 
raise the pH to 13.75. The virgin etchant before deple- 
tion has a potential of +0.462 mV. After repeated uses 
as a molybdenum metal etchant the bath is normally 
dumped at some arbitrary potential of the order of 0.380 
mV. 

One liter of this golden solution was ozonated (by the 
process of the invention) at 5 scf/hr, of 8-9% O3 in O2, 
for 15 minutes. This turned the solution back to a dark 
cherry red color. No ozone odor could be detected 
emanating from the solution during the ozonolysis. The 
O3 odor was evident only at the end of this period, at 
which point the ozonolysis was terminated. 

The potential of the golden solution was initially 
measured and found to be +0.398 mV before ozonoly- 
sis. The cherry red solution obtained after ozonolysis 
had a potential of +0.462 mV, indicating that the re- 
conversion of the FefCN)* 4- back to Fe(CN)6 3 ~ by the 
process of the invention was successful. 

EXAMPLE 10 

A KJ-I2 bath, used for stripping gold and nickel was 
investigated which consisted of the following: 



Species 


Concentration 


Moles/1 


KI 


479 gm/liter 


2.885 


h 


118 gm/liter 


0.464 



The iodine bath solution was depleted by use to the 
point where it would ordinarily be dumped. A 200 ml 
aliquot of the depleted KI-I2 was withdrawn from the 
bath and assayed at 60.3 gm/liter (51% of the original 
concentration) of I2 by a thiosulfate titration. The ali- 
quot of bath was then ozonated at full power, i.e., 9% 
O3 in O2 for 10 minutes at 5 ftVhr. After 10 minutes, 
examination revealed that the dispersion tube for intro- 
ducing O3 was coated with I2 crystals. After one hour of 
further ozonolysis the solution was again assayed to 
determine iodine concentration. The thiosulfate titra- 
tion determined the iodine concentration to be approxi- 
mately 130 gm/liter, which concentration exceeded the 
original concentration of the first assay by more than 
10%. 
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e candidate species, including products of an etching, to 

EXAMPLE 1 1 the highest state achievable. 

49.17 grams of(NH4)2Ce(N03)6 was dissolved in 100 While the present invention has been particularly 

ml of water. The solution contained 89*7 mmoles of shown and described with reference to preferred em- 

Ce 4 +, which is theoretically sufficient to etch 1.554 5 bodiments therefor, it will be understood by those 

grams of chromium* 15.37 grams of chromium granules! skilled in the art that the foregoing and other changes in 

averaging 1 mm in diameter, were added to the solution form and detail may be made therein without departing 

as oxygen was bubbled through it for agitation. In 15 from the spirit and the scope of the present invention, as 

minutes the granules of chromium were removed and defined in the appended claims, 

weighed. The original 15.37 grams of granules were 10 We claim. 

reduced to 15.10 grams, a loss of 0.27 grams. The chro- *• etching process in which a metal is dissolved as 

mium granules were reintroduced into the solution and cations &° m a surface of a body by contact with an 

left there for 5 days, during which time an additional etchin 8 solution comprising, 

0.79 grams of chromium dissolved in the eerie ammo- „ contacting s*d metal, selected from the group con- 

nium nitrate solution. Subsequently, the etchant solu- 15 , slstin « °f Nl .*' C \ C £ f*?* of "2* T*' 
don was decanted from ^ and a 

°^^ri^ ed fT n ^ " K*tod from the group consisting* rfferric ions, 

l^^ 5 ^^^ h ^^^^^f ferricyanide ions, chxomate ions, and dichromate 

this tune the solution turned from green to orange-red. 20 . Qns ' 

A potentiometric titration indicted the presence of simultaneously introducing ozone into said etching 

CriCh*- J* well as Ce*+ ions. solution to rejuvenate said solution, and to materi- 

The chromium granules were replaced in the etching ^ mcrease ^ etching rate of ^ me tal. 
solution. In only 15 minutes 15.53 grams of chromium 2 . The etching process of claim 1 wherein said etch- 
were reduced in weight to 15.16 grams, a loss of 0.37 25 ^ so \^ on includes ferricyanide anions, 
grams. The O3 regenerated solution thus etched chro- 3t etching process of claim 1 wherein said metal 
mium at a rate of 37% fester than the initial fresh solu- ^ ^ said etching solution has ferric ions as an 
tion. The chromium (III) product was oxidized by the active ingredient, and chloride anions, said solution 
Oj to the chromium (VI) species, i.e., CnO-p—, as evi- having a pH in the range of — 1 to +3. 
denced by the color change of the solution to red. 30 4. The etching process of claim 1 wherein said ozone 

The example indicates that O3 will recycle the Ce 4 ^"- is formed by passing oxygen through a silent corona 

/Ce 3 + redox couple. When the solution is used to etch discharge. 

chromium metal, Cr 3 + ions are released into the solu- 5. The etching process of claim 4 wherein said ozone 

tion. The O3 bubbled through the solution oxidizes the is bubbled through said etching solution. 

Cr 3 + ions to C^O? 2 -. This was clearly evident not 35 6. The etching process of claim 1 wherein said body 

only from the potcntiometric titration, but also from the is comprised of a flexible backing element of an organic 

deepening red color of the solution as more and more dielectric material that supports a layer of said metal. 

Cr is etched and the Cr ions were reoxidized to 7. The etching process of claim 6 wherein said body 

Cr2C>7 2- which is a reddish color. is prepared for selectively etching areas of said metal by 

When the Ce 4 * solution is used to etch chromium, 40 depositing, exposing, and developing a resist layer on 

both of the products of the reaction, i.e. Cr 3 + and Ce 3 +, said metal that blankets selected areas of the metal and 

are susceptible to ozone reoxidation i.e., prevents contact of said etching solution. 

8. The etching process of claim 1 wherein said ozone 

2Cr 3+ +4H20+303-»Cr207 2 -+8H+302. is introduced into said etching solution in a stream of 

(E*=+o.74 V) 45 oxygen and wherein the percent of ozone by weight is 

in the range of 0.1% to 10%. 

and 9. The etching process of claim 1 wherein Mo is 

dissolved as anions from a surface of a body by contact 

2C^++o 3 +2H+-2Cc*++H 2 o+02(E*-+a63 ^th an etching solution, wherein said solution is a basic 

^ 30 ferricyanide aqueous solution, 

. , . .„ , . . simultaneously introducing ozone into said etching 
The chromium reoxi^tion wUl precede the cenum Mon to rejuvenate said solution, and to signifi- 
reoxidatton because of the higher emf value. When an ^ increase the etching rate of said solution, 
excess of chromium is present in the solution the Ce*+ 10 ^ etching process of claim 4 wherein said etch- 
ions will be depleted, and the rate of etching will drop 55 - m ~ solution is an aqueous solution and further includes 
to nearly zero since the rate is proportional to [Ce 4 *]. potassium or sodium cations. 

Any Ce 3 + converted back to Ce«+ by ozone will imme- 1L xhe etching process of claim 10 wherein said 

diately be consumed by etching the excess chromium etching solution has a pH in the range of 9 to 14. 

metal present. The recycling was evident when the 12. The etching process of claim XI wherein said 

chromium was filtered from the etchant solution. O3 60 body is prepared for selectively etching areas of said 

was then used to regenerate Ce 4 + in sufficient concen- metal by depositing, exposing, and developing a layer of 

tration so that when chromium metal was reintroduced resist on said metal that blankets selected areas of the 

into the etchant an enhanced etch rate was observed. metal and prevents contact of said etching solution. 

This Example also illustrates that chromium (III)- 13. The etching process of claim 12 wherein said 

Chromium (VI) etching systems can be recycled. 65 ozone is formed by passing oxygen through a silent 

H2Cr207 in H2SO4 is used to etch copper, iron-cobalt- corona discharge. 

vanadium alloys, Kovar, nickel-silver alloys, phosphor- 14. An etching process in which a metal is dissolved 

bronze, and silver. In general ozone will recycle any as cations from a surface of a body by contact with an 
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etching solution containing an active oxidizing agent 
comprising, 

contacting molybdenum with a solution containing 
an active agent consisting of a reduction-oxidation 
couple to be reversed with an electromotive force 3 
of less than 2.07 V in an acid solution, and an 
oxidation-reduction couple to be reversed with an 



10 

electromotive force of less than 1.24 V in basic 
solution, introducing ozone into said etching solu- 
tion to rejuvenate said solution and increase the 
etching rate. 

15. The etching process of claim 14 wherein said 
etching solution contains ferricyanide ions. 

***** 
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[57] ABSTRACT 
A neutral or near neutral pH etching solution for effec- 
tively etching molybdenum and tungsten including: an 
aqueous ferricyanide ion solution, a soluble molybdate 
or tungstate, and an essential compound such that upon 
combination of said soluble molybdate or tungstate and 
said essential compound, a heteropoly compound is 
formed in which said essential compound contributes at 
least one heteroatom to said heteropoly compound. 
The etching solution is most preferably used for etching 
molybdenum or tungsten which is adhered or proxi- 
mate to a base-sensitive material. 

21 Claims, No Drawings 
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EFFECTIVE NEAR NEUTRAL PH ETCHING 
SOLUTION FOR MOLYBDENUM OR TUNGSTEN 

FIELD OF THE INVENTION 

This invention relates to the field of etching solutions 
for refractory metals such as molybdenum and tungsten. 
More particularly, this invention relates to those etch- 
ing solutions which can effectively etch molybdenum 
and tungsten at nearly neutral pH. 

BACKGROUND OF THE INVENTION 

Various etchants are well known for etching molyb- 
denum and tungsten. For example, molybdenum may be 
easily etched in ferricyanide solutions as disclosed in 
Acocella et ah, U.S. Pat. No. 4,747,907, the disclosure 
of which is incorporated by reference herein. Similarly, 
tungsten may be etched by a mixture of hydrogen per- 
oxide and aqueous ammonia. This tungsten etchant, 
however, has a shelf life of only about 6 hours. Tung- 
sten etches very slowly, if at all, in ferricyanide solu- 
tions. 

For many purposes, the performances of these etch- 
ants are acceptable. These etchants, however, are not 
satisfactory in some applications. 

To illustrate this, the etching of molybdenum is typi- 
cally effected in a strongly alkaline solution of ferricya- 
nide: 

6Fe (CN)J - + Mo + ROH" — 6Fe (CN)*~ + MoOj~ + 4HjO 

The pH of such an etchant solution is typically main- 
tained between about 12.0 and 13.0 and temperature at 
about 50-55 degrees Centigrade. 

David and Kurdziel, "Ozone Reoxidation of a Ferri- 
cyanide Bath for Etching Molybdenum/' Metal Finish' 
ing, p. 47-49 (May 1988), have deduced the rate law for 
ferricyanide etching of molybdenum. It was concluded 
that by enhancing a ferricyanide solution with molyb- 
date and by buffering the solution to control pH, good 
etching results may be obtained. It was necessary to 
maintain the pH at a relatively high level, 12-0 to 12.5. 

One such application where this etchant would be 
unsatisfactory is when the molybdenum, for example, is 
incorporated in a laminate structure which is comprised 
of the metal and a base-sensitive low dielectric constant 
polymer such as a polyimide. These types of polymers 
will hydrolyze in strong bases and thus cannot survive 
current methods of etching molybdenum. 

It would thus be desirable to have an etchant for 
molybdenum, and tungsten as well, which has a lower 
pH that will not adversely affect base-sensitive materi- 
als. 

Lowering the pH of a molybdenum etchant, how- 
ever, is not a trivial process. If the pH of a ferricyanide 
etch bath drops below about 10- 11, the molybdenum 
blackens due to the formation of polymolybdates as 

follows: 

n MoO$- + m H+ Mo^O^i^ + y H 2 0 

This stops the etching process completely. 

Thus, a low pH etching process for molybdenum 
must preserve the etching rate and suppress the forma- 
tion of undesirable molybdate polymer residues, as well 



as not hydrolyze companion polymers in the laminate 
or composite structure. 

It has been discovered, however, that the pH may in 
fact be towered in a molybdenum etchant solution with- 

5 out slowing down the etching rate and while suppress- 
ing the formation of undesirable molybdate polymer 
residues. It has also been discovered that the pH may be 
towered for a tungsten etchant solution as well. The key 
is in the formation of heteropoly compounds, a class of 

10 compounds known in the literature for many years. See. 
for example, Tsigdinos, "Heteropoly Compounds of 
Tungsten and Molybdenum" in Topics In Current 
Chemistry, 76 (Springer- Verlag, 1978), the disclosure of 
which is incorporated by reference herein. 

15 Accordingly, it is a prime object of the present inven- 
tion to have a near neutral pH etching solution for effec- 
tively etching molybdenum and tungsten. 

It is a further object of the invention to have a near 
neutral pH etching solution that is capable of being 

20 recycled. 

BRIEF SUMMARY OF THE INVENTION 

The objects of the invention have been achieved by 
providing, according to one aspect of the invention, a 

25 neutral or near neutral pH etching solution for effec- 
tively etching molybdenum and tungsten comprising: 
an aqueous ferricyanide ion solution, a soluble molyb- 
date or tungstate and an essential compound such that 
upon combination of said soluble molybdate or tung- 

30 state and said essential compound, a heteropoly com- 
pound is formed in which said essential ingredient con- 
tributes a heteroatom or heteroatoms to said heteropoly 
compound. 

According to another aspect of the invention, there is 
35 provided a method of effectively etching molybdenum 
or tungsten from a composite material comprising 
motydenum or tungsten adhered to a base-sensitive 
material without damaging the material comprising the 
steps of: contacting the composite with a neutral or near 
40 neutral pH etching solution comprising: an aqueous 
ferricyanide ion solution, a soluble molybdate or tung- 
state, and an essential compound such that upon combi- 
nation of said soluble molybdate or tungstate and said 
essential compound, a heteropoly compound is formed 
45 in which said essential compound contributes a hetero- 
atom or heteroatoms to said heteropoly compound. 

DETAILED DESCRIPTION OF THE 
INVENTION 

50 The key to the present invention is to form 
heteropolymolybdates and heteropolytungstates as part 
of the etching process of molybdenum and tungsten, 
respectively. Generally, heteropoly compounds have 
been known for years. The novel aspect of the present 

55 invention is to apply these heteropoly compounds to the 
current needs of improving the etching of molybdenum 
and tungsten. 

The heteropoly compounds generally consist of two 
to eighteen hexavalent molybdenum or tungsten atoms 

60 surrounding one or more central atoms (heteroatoms). 
Often vanadium, niobium, tantalum, or other transition 
metals can replace some of the molybdenum or tungsten 
atoms in the heteropoly structure. 
In the case of m tybdenum etching with a ferricya- 

65 rude solution, the heteropoly compound may be formed 
by combining in solution a soluble molybdate and an 
essential compound that contributes at least one hetero- 
atom to the formed heteropolymolybdate. A preferred 
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soluble molybdate is sodium molybdate and a preferred Also, etching typically takes place at elevated tempera- 
essential compound, for purposes of the present inven- tures, about 55 degrees Centigrade. With the present 
tion, is phosphoric acid. As will become apparent here invention, molybdenum is maintained as a soluble 
after, there are a number of essential compounds that polymolybdate at nearly neutral pH and etching may 
may be utilized. The appropriate one chosen will often 5 proceed at room temperature. Of course, etching ac- 
depend on the intended application. cording to the present invention may ^» al 

U should be understood that some of the soluble mo- elevated temperatures if higher etch rates desired 
. As will be appreciated by those skilled in the art, it 

y usually be necessary to introduce a charge balancing 

2 10 species into the reaction. The choice of charge balanc- 

<Mo °* ' ing species is not critical although the introduction of 

j j* i *• e undesirable stray ions such as chlorine should be 
necessarily comes from the etching ^ f u^luuon of ^ Preferred charge balancing species 

the molybdenum. The bulk of the soluble molybdate, £° J*^ ^^ssium, and ammonium ions, which 
however, preferably (and usually) comes from the addi- ^ ^ nydroxi(JeSt phosphates, or mo- 

tion to the etching solution of soluble molybdatcs such XyX ^ xes of coursc , th is Ust of charge balancing species 
as sodium molybdate. . t g^ustive and may include other charge balanc- 

One example of the formation of heteropolymolyb- as well, 

dates is the following reaction: ln v j ew of tne p resence Q f analogous tungsten hetero- 

20 polyions, it was theorized by the present inventor that 
WH+ + 12M00J- + poJ- — [PMotf04ol 3- + 12H2O similar efficacious results could be obtained in the etch- 

ing of tungsten. When a solution of ferricy anide, sodium 
where phosphorus is the heteroatom contributed by the tungstate, and phosphoric acid was formulated and used 
phosphoric acid, the essential compound. The fact that t0 etcn tungsten, favorable results similar to those ob- 
the phosphoric acid is an essential compound will be- 25 tained in the etching of molybdenum were obtained at 
come apparent hereafter. This reaction may take place ncarly ncutra I pH. Interestingly, a ferricyanide solution 
at room temperature as well as at elevated tempera- ^ one wou i G no t etch tungsten to any practical degree, 
lures. An important application of the present invention is 

There are literally hundreds of these heteropolymo- t0 etcn molybdenum or tungsten from a laminate com- 
lybdates; The heteroatom may alternatively be, for yQ pr i smg molybdenum or tungsten and base-sensitive 
example, silicon, germanium, sulfur, aluminum, nickel, materials such as polyimide polymers. The molybde- 
manganese, arsenic, titanium, zirconium, etc. Those num or tungsten may be adhered directly to the base 
heteropolymolybdates which include phosphorus are sensitive materials or may be merely proximate to the 
among the most easily synthesized and so are preferred. base sensitive materials. The laminate may also corn- 
Some examples of other heteropolymolybdates are 35 pr ise additional metals such as copper. It was found that 

the molybdenum or tungsten may be etched from poly- 
PC '"MoiiO*^- 12 . [X+*Mou039l-- 12 . rx+"Mo l0 o,]-< 2 '-* ) - fl) imide, for example, without causing any degradation of 
1 the polyimide material or additional metal since the 

wbe« X + 0 can be Si+* Ge+ 4 , Ai +3 .Ni+ 4 . etc. op timal pH range for the etchants according to the 

. 40 invention is about 6 to 8. 
As an example, the above reaction may proceed with Further advantages of the present invention will be- 
sulfurous acid instead of phosphoric acid, in which case come more apparent after referring to the following 
the heteroatom will be sulfur. The heteropolymolyb- examples. 

date has the general formula [SMoxO,]***"- 2 ', and m pr cc 

one specific heteropolymolybdate is [SM012O40] 2 -. 45 tAAMrLto 
The ease of using common liquid-phase acids as sources In tne following examples, all reagents were used as 
of heteroatoms favors the usage of phosphoric acid and received from the vendor with no further purification, 
sulfurous acid. Phosphoric acid, which emits no volatile potassium ferricyanide was obtained from Duso Chemi- 
gas, is easier to handle than sulfurous acid, which emits ^ q q (Poughkeepsie, N.Y.). Sodium tungstate dihy- 
sulfur dioxide, and so is preferred over sulfurous acid. 50 drate> sodium molybdate dihydrate, sodium borate (Bo- 
It bears emphasis that the heteroatom source (i.e., the rax ) i sodium hydroxide, and potassium hydroxide were 
essential compound) need not be an acid. For example, obtained from Mallinckrodt, Inc. Phosphoric acid was 
one could add phosphate as sodium phosphate, sulfite as obtained from Ashland Chemical and sulfurous acid 
sodium sulfite, or arsenic as sodium arsenate. The acids was obtained from Fisher Scientific. De ionized water 
(e.g., phosphoric or sulfurous acid) arc convenient liq- 55 was used in all etching solutions, 
uids to use, but other heteroatom sources will also suf- EXAMPLE 1 

fice. 

These polyions are amazingly soluble; their salts can 73 grams of potassium ferricyanide (K?Fe(CN)$) and 
be dissolved in only a fraction of their weight in water. 60 grams of sodium molybdate dihydrate (Na^MoO^- 
This fulfills a basic condition of etching any metal, to w H2O) were dissolved in 500 milliliters of deionized wa- 
wit, the etched product must remain soluble. ter. The pH of the solution was 8.55. A sheet of molyb- 

Conventional etching of molybdenum in ferricyanide denum metal weighing 1.6705 grams was immersed in 
solutions normally requires a high pH of about 12 to this stirred etchant at room temperature (20 degrees 
12.5, and perhaps as high as 13 to maintain the soluble Centigrade). In 28 minutes, the pH had dropped to 6.98 
molybdenum species as 65 and the molybdenum was coated with a black layer 

which could not be rinsed away. After etching, the 
MoQ 2- molybdenum sheet weighed 1.6557 grams, a net loss of 

4 14.8 milligrams. 
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EXAMPLE 2 

73 grams of potassium femcyanide and 60 grams of 
sodium molybdate dihydrate were dissolved in 500 
milliliters of deionized water. 3 milliliters of phosphoric 5 
acid (H3PO4) were added, followed by addition of suffi- 
cient quantities of potassium hydroxide (KOH) pellets 
(about 5 grams) to raise the pH to 7.57. A molybdenum 
sheet weighing 1.5483 grains was suspended in this 
solution at room temperature. In 30 minutes, the molyb- 10 
denum sheet weighed 1.5 1 12 grams for a net loss of 37. 1 
milligrams. The molybdenum had an orange coloration 
but this rinsed off easily with water to leave a shiny 
surface. 

EXAMPLE 3 15 

The phenomenon of Example 2 is not due to pH alone 
as this example will illustrate. 73 grams of potassium 
ferricyanide, 60 grams of sodium molybdate dihydrate 
and 5 grams of borax (sodium borate) were dissolved in 20 
500 milliliters of water. The pH of the solution was 9.52. 
A molybdenum sheet weighing 2.2579 grams was im- 
mersed in this etchant After 27 minutes, the pH had 
dropped to 7.0 and the molybdenum sheet had black* 
ened. Addition of potassium hydroxide pellets raised 25 
the pH to 9.42 but did not dissolve the black coating nor 
did it render the coating rinsable. Immersion of the 
molybdenum sheet in the etchant for another 20 minutes 
caused the pH to drop to 9.3. Next, 5. 1 more grams of 
borax was added. The sheet was immersed for 25 more 30 
minutes, in which time the pH dropped further to 8.7. 
The mass of the sheet was 2.2436 grains after a total of 
72 minutes of etching, a loss of only 14.3 milligrams. 



EXAMPLE 4 



35 



To the solution in Example 3, 3 grains of potassium 
hydroxide and 3 milliliters of phosphoric acid were 
added, which adjusted the pH to 7.85. This restored the 
etching potency of the solution. When the blackened 
molybdenum sheet was again immersed in the solution, 40 
the molybdenum sheet became shiny again. After 3 
hours of immersion in this etchant, the molybdenum 
sheet became a mass of shredded debris. This example 
clearly indicates the unique role that the phosphoric 
acid plays in the etching of molybdenum. 45 

The phosphate from the phosphoric acid reacted 
with the insoluble black molybdenum oxides on the 
surface of the molybdenum sheet, forming 
heteropolymolybdates and allowing the etching to pro- 
ceed. It is the formation of these phosphomolybdate 30 
polyions which accounts for the etching performance 
observed. Under the above conditions, the borax did 
not incorporate any heteroatoms into a molybdate pol- 
yion, and thus did not effect any etching. 

EXAMPLE 5 33 

A solution of 60 grams of sodium molybdate dihy- 
drate and 3 milliliters of phosphoric acid in 500 milli- 
liters of deionized water was adjusted to pH 7.3 1 by the 
addition of potassium hydroxide pellets. No weight loss 60 
was observed after 54 minutes of immersion of a sheet of 
molybdenum, a control experiment which indicated 
that the combination of phosphoric acid (phosphate) 
with molybdate did not etch molybdenum. 

EXAMPLE 6 65 

To the solution of Example 5, 73 grams of potassium 
ferricyanide was added, wherein the pH rose to 7.73. A 



36.5 micron thick sheet of molybdenum laminated to a 
14 micron thick cured, low-TCE polyimide sheet was 
placed in the stirred etchant. After 30 minutes, the pH 
had dropped to 7.65. After 17.5 hours, the pH had 
dropped to 7.59. No evidence of any precipitate was 
visible in the etchant. The polyimide film had survived 
intact and had retained its original clear yellow color, 
but the molybdenum was gone. The polyimide film 
exhibited no degradation even after 42 hours of continu- 
ous immersion in the etchant. 

EXAMPLE 7 

A polyimide/molybdenum composite with copper 
pads patterned between the polyimide layer and the 
molybdenum, similar to the composite in Example 6, 
was etched in a solution similar to Example 6. The 
composite was etched for 16 hours at room temperature 
at pH ranging from 7.77 at the beginning of the etching 
trial to 7.66 at the end. This removed the molybdenum 
from the composite, except for a few scattered bits of 
tenacious molybdenum metal. None of the copper pads 
had delaminated from the polyimide and the polyimide 
film exhibited no degradation from the etching process. 

EXAMPLE 8 

The etchant from Example 7 was used to etch 4.4693 
grams of molybdenum sheets. After 11.75 hours, the 
etchant pH had fallen to 6.6 from 7.59 and a precipitate 
sludge had formed at the bottom of the beaker. Enough 
potassium hydroxide pellets were added to raise the pH 
back up to 7.61, which also dissolved the precipitate and 
which turned the solution a dark orange color. After 
24.5 more hours of etching, 0.2034 grams of molybde- 
num had survived. The etchant was then treated with 
ozone (5 scf/hr, 5 psi overpressure; GL-1 Ozone Gener- 
ator from PCI, West Caldwell, N.J.) for 25 minutes, 
which restored the potential to +460 millivolts and 
raised the pH back up to 12.95. This red etchant was 
titrated with phosphoric acid back to pH 7.78. The 
etchant has thus been recycled. 

A molybdenum sheet weighing 2.2007 grams was 
etched for nine minutes in the regenerated etchant. 
During this time, the pH remained constant between 
7.77 and 7.78, and the weight of the sheet decreased 25.2 
milligrams. 

The pH is occasionally adjusted during or after each 
ozone recycle with potassium hydroxide (or sodium 
hydroxide) pellets and/or phosphoric acid, or alkali 
metal phosphates. The addition of the acid (phosphate) 
is also necessary to form heteropolymolybdates from 
the newly dissolved molybdenum from prior etching 
runs. 

EXAMPLE 9 

Further evidence for the heteropolymolybdate mech- 
anism is the versatility of formation of pH-neutral etch- 
ants with other heteroatom sources. Sulfurous acid can 
be used instead of phosphoric acid in this etchant sys- 
tem, which yields a solution of similar pH and perfor- 
mance. 

73 grains of potassium ferricyanide and 66.17 grams 
of sodium molybdate dihydrate were dissolved in 500 
milliliters of water, yielding a solution of pH 10.52. 0.8 
milliliters of sulfurous acid (H2SO3) was added, which 
lowered the pH to 7.5. A strip of molybdenum metal 
weighing 2.1753 grams was immersed in the solution. 
After only six minutes, the pH had dropped to 7.28. 
Addition of 3.3 milliliters of sulfurous acid and 3 potas- 
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sium hydroxide pellets (about one gram) raised pH back 
to 7.42. After 15 minutes of etching, the molybdenum 
strip was rinsed clean in an ultrasonic bath and weighed. 
The weight loss, 0.2599 grams, was 11.9% of the origi- 
nal strip. 5 

The molybdenum was returned to the etchant. After 
one hour, the pH had dropped to 6.99 and the strip had 
acquired a black coating which could not be rinsed off. 
Four grams of potassium hydroxide pellets were added 
to the solution, which raised the pH to 7.16. The black ™ 
layer could then be easily washed off in an ultrasonic 
bath of this etchant. The strip weighed 1.1188 grams, a 
48.6% weight loss in one hour. 

While the use of sulfurous acid to incorporate sulfur 
into the hetcropolymolybdate has been demonstrated, 
the incorporation of other heteroatoms, such as arsenic, 
aluminum, silicon, etc., should also be feasible. 

EXAMPLE 10 
74.1 grams of potassium ferricyanide was dissolved in 20 



500 milliliters of water, yielding an orange solution of 
pH 9.88. This solution failed to etch a strip of tungsten 
weighing 2.9338 grams in 30 minutes. 100. 1 grams of 
sodium tungstate dihydrate (NajWO*. 2H2O) was then M 
added, raising the pH to 10.25. After 30 minutes, the pH 
had dropped to 9.8 and the weight of the tungsten had 
decreased to 2.7358 grams for a net loss of 0.198 grams. 
While this etchant is satisfactory for some purposes the 
pH is still too high for base-sensitive materials. jq 

Addition of 3 milliliters of phosphoric acid caused the 
immediate formation of a yellow precipitate in the etch- 
ant, and a small pH drop to 9.62. Addition of enough 
sodium hydroxide pellets to raise the pH to 13.38 did 
not dissolve this precipitate. More precipitate, this time 35 
chrome-yellow, formed on further addition of enough 
phosphoric acid to lower the pH to 3.2. When pH was 
raised to 4.67 with more sodium hydroxide pellets, some 
of the precipitate dissolved and the suspension turned 
mustard yellow. Addition of more sodium hydroxide 40 
raised the pH to 5.0 and cleared the suspension even 
more, turning the solution olive green, with some green 
residue still floating around in the etchant 

Over the next 3 days, the tungsten lost very little 
weight (less than 5 milligrams) at an etchant pH of less 45 
than or equal to 5.5. When the pH was raised to 5.95, 
weight loss recommenced; the tungsten strip lost 0.3079 
grams in 75 minutes. Steady addition of sodium hydrox- 
ide pellets over the next 85 minutes raised pH up to 6.34, 
during which time the weight of the strip decreased 50 
another 0.1503 grams. Addition of sodium hydroxide 
pellets was continued, producing a steady increase in 
etch rate as the pH was raised, eventually ending at 7.0. 

This etchant operated best in the range of about pH 6 
to 8, yielding similar etch rates to those observed with 35 
the molybdenum etchant. As demonstrated, a ferricya- 
nide solution alone would not etch tungsten. The addi- 
tion of sodium tungstate was necessary in order to com- 
mence the etching reaction, which indicates that the 
tungstate ions play a similar, but even more decisive eo 
role in the ferricyanide etching of tungsten than molyb- 
date does in molybdenum etching. The phosphotung- 
state etchant is best made by first adding base to the 
tungstate-ferricyanide solution, the adding acid to avoid 
premature precipitation of a tungsten oxide colloid (as 65 
demonstrated earlier in this example) if the pH drops 
well below pH 7. The phosphate can also be added as its 
alkali metal derivative. 



This etchant is also advantageous over the prior art 
etchant of hydrogen peroxide and ammonia in that the 
etchant according to the present invention has an indefi- 
nite shelf life whereas the prior art etchant is only stable 
for about 8 hours. 

EXAMPLE 11 
The etchant from Example 10 was used to etch tung- 
sten until about 95% of the ferricyanide had been con- 
sumed and the etch rate became negligible. The ex- 
hausted etchant was then treated with ozone for 40 
minutes, during which time the pH rose from 7.02 to 
8.08, the solution color changed from yellow to red, and 
a precipitate settled to the bottom of the beaker. This 
precipitate was filtered off to yield a clear red rejuve- 
nated etchant, ready for further etching of tungsten. 

One advantage of the present invention which is 
perhaps not readily apparent is that if one would want 
to adjust the pH of the etching solution below 12 to 1 3, 
but above nearly neutral 6 to 8, one could add a hetero- 
atora source, e.g., phosphoric or sulfurous acid, to bring 
down the pH below 13, but above 6 to 8. The advantage 
of this use of the invention is that the pH may be ad- 
justed without adverse effects since the phosphate or 
sulfite does not interfere with the etching process while 
forming the heteropoly compound. 

It will be apparent to those skilled in the art having 
regard to this disclosure that other modifications of this 
invention beyond those embodiments specifically de- 
scribed here may be made without departing from the 
spirit of the invention. Accordingly, such modifications 
are considered within the scope of the invention as 
limited solely by the appended claims. 
What is claimed is: 

1. A neutral or near neutral pH etching solution for 
effectively etching molybdenum and tungsten compris- 
ing: 

an aqueous ferricyanide ion solution, a soluble molyb- 
date or tungstate, and an essential compound such 
that upon combination of said soluble molybdate or 
tungstate and said essential compound, a hetero- 
poly compound is formed in which said essential 
compound contributes at least one heteroatoin to 
said heteropoly compound. 

2. The etching solution of claim I wherein said essen- 
tial compound is phosphoric acid and said heteroatom is 
phosphorus. 

3. The etching solution of claim 1 wherein said essen- 
tial compound is sulfurous acid and said heteroatom is 
sulfur. 

4. The etching solution of claim 1 wherein said solu- 
ble molybdate is sodium molybdate. 

5. The etching solution of claim 4 wherein the pH of 
said solution is in the range of about 7 to 8. 

6. The etching solution of claim i wherein said solu- 
ble tungstate is sodium tungstate. 

7. The etching solution of claim 6 wherein the pH of 
said solution is in the range of about 6 to 8. 

8. The etching solution of claim 1 further comprising 
a charge balancing species. 

9. The etching solution of claim B wherein said 
charge balancing species is selected from the group 
consisting of sodium, potassium, and ammonium ions. 

10. The etching solution of claim 1 wherein said etch- 
ing solution is at room temperature. 

11. A method of effectively etching molybdenum or 
tungsten from a composite material comprising molyde- 
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num or tungsten adhered to a base-sensitive material 
without damaging the material comprising the steps of: 
contacting the composite with a neutral or near neu- 
tral pH etching solution comprising: 
an aqueous ferricyanide ion solution, a soluble molyb- 
date or tungstate, and an essential compound such 
that upon combination of said soluble molybdate or 
tungstate and said essential compound, a hetero- 
poly compound is formed in which said compound 
ingredient contributes at least one heteroatom to 
said heteropolycompound. 

12. The method of claim 11 wherein said essential 
compound is phosphoric acid and said heteroatom is 
phosphorus. 

13. The method of claim 11 wherein said essential 
compound is sulfurous acid and said heteroatom is sul- 
fur. 



10 



15 



14. The method of claim 11 wherein said soluble 
molybdate is sodium molybdate. 

15. The method of claim 14 wherein the pH of said 
solution is in the range of about 7 to 8. 

16. The method of claim 11 wherein said soluble 
tungstate is sodium tungstate. 

17. The method of claim 16 wherein the pH of said 
solution is in the range of about 6 to 8. 

18. The method of claim 11 further comprising a 
charge balancing species. 

19. The method of claim 18 wherein said charge bal- 
ancing species is selected from the group consisting of 
sodium, potassium, and ammonium ions. 

20. The method of claim 11 wherein said etching 
solution is at room temperature. 

21. The method of claim 11 further comprising the 
step of introducing ozone into said etching solution to 
rejuvenate said solution. 
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[57] ABSTRACT 

A process of forming a patterned silicide layer overly- 
ing a processed semiconductor substrate, the substrate 
having insulator regions and insulator-free regions on 
an exposed surface thereof, comprising the steps of: 
co-depositing silicon and a refractory metal on the ex- 
posed surface of the substrate to form a metal rich 
silicide thereon; 
annealing the metal rich silicide such that it reacts with 
the underlying insulator-free regions to form a re- 
acted silicide without reacting with the underlying 
insulator regions; and 
exposing the substrate to a wet etchant which removes 
the unreacted portions of the metal rich silicide with- 
out removing the reacted silicide. 

11 Claims, 4 Drawing Figures 
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tion regions such as semi-recessed silicon oxides. When 
SALICIDE PROCESS FOR FORMING LOW SHEET the structure is annealed, the refractory metal interacts 
RESISTANCE DOPED SILICON JUNCTIONS w j th the underlaying silicon without reacting with the 

underlying oxide. Subsequently, the unreacted refrac- 
BACKOROUND OF THE INVENTION s tory metal on top 0 rtlie oxide may be removed in a wet 
The present invention is concerned with providing a etch without removing the formed silicide. The process 
layer of certain metal silicides on a substrate; it is panic- results in a self-aligned silicide (Le., "salicide") because 
ularly advantageous for providing self-aligned metal an electrode is formed between the recessed oxide areas 
silicide layers on semiconductor substrates such as without the use of a mask. 

doped silicon and doped polycrystalline silicon. 10 A problem with the above "salicide" process is that 

FIELD OF THE INVENTION when the reirac?tor y metal reacts with the underlaying 

silicon, an excessive amount of silicon is consumed. As 
The present invention is specifically contemplated as device dimensions decrease, the ability to form sc- 
an improvement on the process of U.S. Pat. No. called "shallow junctions", in which the thickness of 
4,180,596 Crowder et al, which patent is hereby com- 15 the silicon beneath the gate electrode of an FET is 
pletely incorporated by reference. minimized, becomes more important. 

Polycrystalline silicon has in recent years been used , n a pub i ication entit i cd » A Ncw Dcvice Intcrcon . 

to a great extent as the interconnection material in into- nect Scneme For Sub-Micron VLSI" by Chen et al, 

6 ra * cd circuits. It is stable at |y6 n temperatures and „ 1 984 International Electron Devices Meeting, pp. 

t^Ji^^lm^ V3P0r 0F 1 l8_n9 ' n lS SUSSeSled that 3 iayer ° f metal Can be 

An unLS is its deposited followed by a layer of silicon such that dial- 

relatively high electrical resistance. For the reasons junct.ons can be fonned in a sdicide proems. How- 
explained in Crowder et al, it would be desirable to ever ' ^is process is not self-aligned, i.e. a masking step 
decrease the sheet resistance of polycrystalline silicon 25 * needed to photo hthographically define the silicon 
interconnections in order to gain increased circuit laver P nor t0 ailing to form the silicide. 

SP 6 ** 3 - SUMMARY OF THE INVENTION 

It has been suggested that various refractory metals 
such as molybdenum and tungsten could be used in The present invention provides a process of forming 
place of polycrystalline silicon. However, these metals 30 a self-aligned silicide ("salicide") by a method which 
oxidize during chemical vapor deposition of silicon does not consume an excessive amount of the underlay- 
dioxide and the resulting oxides are less stable than ing silicon. 

silicon dioxide, resulting in a reliability problem. Specifically, a metal rich silicide is formed by co- 

A number of attempts have been made to overcome deposition of a refractory metal and silicon on a sub- 
the above problem including the process of Crowder et 35 strate. As a consequence, upon annealing to form the 
al. Crowder et al discusses a number of prior art refer- desired silicide, only a small amount of silicon is con- 
ences, for example, IBM Technical Disclosure Bulletin, sumed. 

Vol. 17, No. 6, Nov. 1974, pp. 1831-33; U.S. Pat. No. The major problem which the present invention 
3,381,182; French Pat. No. 2,250,198; and Journal of the solves is that using the etch compositions of the prior 
Electrochemical Society, Solid-State Science and Technol- 40 ^ a has been extremely difficult to remove the unre- 
ogy "Fabrication and Thermal Stability of W-Si Ohmic acte d metal rich silicide without simultaneously remov- 
Contacts", by V. Kumar, Feb. 1975, pp. 262-69. ing the reacted silicide. 

Other references of interest include an article in Pro- In accordance with the present invention, it has been 
ceedingsofthe 9th Conference on Solid-State Devices, found that the unreacted metal rich silicide can be re- 
70^ (1977) pp. 37-40 by Mocmzukiet al; "Refractory 45 moved without removing the reacted silicide with cer- 
Sihcides for Low Resistivity Gates and Interconnects ^ mbtiiaXkm Q f metal-rich silicides and certain wet 
1979 International Electron Devices Meeting, pp. 454-57 etchants 

by Murarka; "Properties of Sputtered Tungsten Silicide ^ a rt v:„* « r ^ ^ 

r Xjt/ -v 0 T \ ; . «. f, r One major object of the present invention is to pro- 

for MOS Integrated Circuit Applications", Journal of - , J J c , r w , ., . j , 
the Electrochemical Society-Solid-State Science And 50 a piece* of forming a patterned sibc.de layer 
Technology, Feb. 1980, pp. 450-54; IBM Technical Dis- overi V m S * semiconductor substrate where 

closure Bulletin, Vol. 24 No. 12, May 1982, p. 6282 by ™ cted metaI ™* sj^ide can be removed without 
Tu; U.S. Pat No. 4,411,734- and U.S. Pat No. removln S r *"*ed silicide, which process is self-align- 
4 443 930 mg ' * ,e *' wmcn does not require a photolithographic 

As discussed in the above prior art, a silicide elec- 55 removal stc P- 
trode is typically formed by depositing a layer of sili- A further ma J or ob J ect of the P resent invention is to 
con, depositing a layer of a refractory metal (e.g., tung- provide extremely shallow source/drain junction 
sten, molybdenum, etc.), and then annealing the two de P ths m semiconductor devices, for example, on the 
layers such that the silicide (e.g., tungsten silicide) is order of about ° i 1 10 about 0 3 microns or even as low 
formed. Crowder improves on this basic process by 60 ^ to 0.15 microns. 

co-depositing a refractory metal and silicon from sepa- Yet another object of the present invention is to pro- 
rate evaporation sources to form the silicide. This ena- vide electrical interconnections of low sheet resistance, 
bles a designer to precisely control the composition of f° r example, on the order of under about 5 ohms/sq. in 
the silicide. combination with shallow source/drain junction depths 

In an article by S. Roberts entitled "Salicide Process 65 as above exemplified, 
for Silicide Wiring for CVD*\ IBM Technical Disclosure These and other objects of the present invention will 
Bulletin, Vol. 26, No. 8, Jan. 1984, p. 4338, a layer of become clearer upon a reading of the following mate- 
refractory metal is deposited on a substrate having isola- rial. 
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BRIEF DESCRIPTION OF THE DRAWINGS ^^^^^^S^' 

FIGS. 1A and IB illustrates sequential cross-sectional Since the object of the present invention is to deposit 

views of one fabrication scheme for an integrated cir- an alloy, whether deposition is by vacuum evaporation, 

cuit employing the process of the present invention. 5 sputtering or chemical vapor deposition, x must be 

FIGS. 2 and 3 are plots of diffused silicide sheet resis- greater than 0. Normally, we have found that x should 

tance (ohms/sq.) versus junction silicon consumed (nm) be a minimum of about 0.25; if x is less than about 0.25, 

versus thickness of the resulting silicide (nm), for depos- one approaches the metal and the objects of the present 

ited titanium versus deposited metal rich titanium sili- invention are not met. 

cide (FIG. 2), and for deposited tungsten versus depos- 10 The maximum value for x will vary depending upon 

ited metal rich tungsten silicide (FIG. 3). the metal involved. 

nFSPRTPTTON OF thf PRFFFRRFn For exam P le ' for titanium, zirconium, tungsten and 

DESCRIPTION OF TFffiPREFERRED molybdenum x would be a maximum of 1.0 whereas for 

cobalt, vanadium and nickel x would be a maximum of 

The process of the present invention is applicable to 15 about 0.75. 

forming films of the desired silicide on any substrate The above values are as-deposited values; after an- 

which is capable of withstanding the high temperatures nealing, all metal silicides will be in the reacted silicide 

employed in the co-evaporation process and which is form, which can be represented by the formula MeSi2. 

adherent to the desired silicide. Typical as deposited alloys in accordance with the 

The process is particularly advantageous in preparing 20 present invention include Ti4Si.i, TiSi|,o» Co.iSij, V.tSi2, 

integrated circuits and is of particular value when the CoSin.75 and WSii.o. At present, TiSii.o and CoSio.75 

substrate is silicon or polycrystalline silicon and is of appear most promising, and TiSii.ois most preferred, 

most particular value in forming layers which are em- After the desired amount of metal and silicon are 

ployed as an overlayer over doped polycrystalline sili- deposited on the substrate, the substrate is removed and 

con gate electrodes and as an overlayer directly over 25 subjected to a high temperature heat treatment (anneal- 

doped silicon diffused lines. ing). Specifically, the coated substrate is heated in an 

The general processing conditions of the present inert atmosphere or vacuum. The only importance to 

invention are firstly discussed and then a detailed dis- the atmosphere is to exclude the presence of oxygen, 

cussion of the interrelationship between the metal rich Generally, for the metals titanium, zirconium, cobalt 

silicides of the present invention and the etchants of the 30 and nickel, a temperature of from about 550° C. to about 

present invention which permit the metal rich silicide to 750° C. will be used, whereas for vanadium and tung- 

be removed without the reacted silicide being removed sten a temperature of about 750° C. to about 900° C will 

will be presented. be used in a conventional furnace. If rapid thermal an- 

It is to be noted that with respect to the general pro- nealing is contemplated where a high intensity arc lamp 

cessing conditions of the present invention, i.e., other 35 is used, the upper limit can be lifted approximately 100° 

than the nature of the metal silicides and the etchants C. so that the upper limit of processing most preferably 

used, the conditions of Crowder et al are applied. They would be about 850° C. or 1,000° C, respectively, for 

are briefly discussed below for purposes of self-contain- these groups of metals. The maximum temperature gen- 

ment. erally is selected to avoid excessive grain growth in the 

The metal and silicon are typically vaporized under 40 silicide. 

high vacuum and co-deposited on the substrate. The The time of annealing is not critical so long as the 

■vacuum employed is typically on the order of about objective of annealing, i.e., complete reaction to the 

10- 5 to 10- 6 Torr. A preferred method of heating is by desired silicide, is achieve. Based on our experience to 

electron beam evaporation preferably using separate date, it appears that conventional furnace annealing for 

electron beam guns for the silicon and the metal. The 45 about one-half hour to about one hour will achieve this 

apparatus and conditions for the vacuum evaporation result and rapid thermal annealing for about 10 to about 

are known and will not be described. 200 seconds also provides the desired result. The time is 

It is preferred that the evaporation rate of the metal inversely related to temperature, 

be on the order of 0.5 to 2 Angstroms per second, and The inert atmosphere can be freely selected; exam- 

that of silicon be on the order of 1 to 3 Angstroms per 50 pies include argon, helium and hydrogen. The inert 

second, respectively, with specific rates being deter- atmosphere should be free of substances which cause 

mined by the desired composition of the deposited met- the formation of carbides, oxides or nitrides of the metal 

al-silicon mixture. during heating. 

In addition to vacuum evaporation as above de- If a vacuum is utilized, a pressure of at least 10 - 5 

scribed, the metal and silicon can be deposited by a 55 Torr is usually sufficient. 

conventional sputtering operation or a conventional If an inert atmosphere is utilized, the objective is to 

chemical vapor deposition operation, the conditions prevent backflow of oxygen into the system (typically 

being well known in the art. from the ambient); as a consequence, if an inert gas is 

The substrate to be coated is usually maintained at a used, the pressure and/or rate of flow is merely sufli- 

temperature between about room temperature and 60 cient to prevent the backflow. If a vacuum is used, the 

about 400* C. t preferably between about 150° C. and degree of vacuum is merely sufficient to prevent the 

250° C. during coating. presence of oxygen in the system. As a consequence, the 

Metals co-deposited with silicon in accordance with pressure of operation is not overly important, 

the present invention include titanium, cobalt, nickel, In the situation where an inert atmosphere is used in 

vanadium, tungsten, molybdenum, and we believe, zir- 65 combination with titanium, normally nitrogen is added, 

conium will also be useful, and the like. typically in an amount on the order of from about 0.5 to 

As deposited, the metal/silicon system can be repre- about 5 volume %, to prevent the lateral spread of 

sented by the formula MSi*. With this representation, M silicide onto oxide areas. 
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Following the above procedure, the etching of the creases as process time increases. As a general rule, 

present invention is conducted to remove the metal rich from about 5 to about 10 minutes is sufficient for etching 

silicide without removing the reacted silicide. in accordance with the present invention. The time of 

After the above removal step, if desired, the coated etching is not meant to be critical nor is it considered 

substrate can be subjected to various conventional pro- 5 limitative on the present invention, 

cedures as described in Crowder et al. The time of etching will obviously have to be corre- 

Following deposition and annealing, the major objec^ lated with the thickness of the silicide film involved, 
tive of the present invention is, of course, to remove the with thicker films requiring longer times, 
metal silicide from areas where the same is not desired The thickness of the silicide film is set by design re- 
but to permit substantially complete retention of the 10 quirements. For example, the thickness of the silicide 
silicide over areas where the same is desired. will be determined by the resistivity of the remaining 

It has been discovered, in accordance with the pres- silicide and the amount of silicon which is to be con- 

ent invention, that wet peroxide etching baths, of a basic sumed, i.e., the depth of the ultimate junction which is 

or acidic nature, permit this to be achieved. to be obtained. 

Wet basic peroxide etchant baths are effective with 15 A typical basic etching solution would comprise 

titanium, zirconium, tungsten and molybdenum sili- equal volume parts of NH4OH — H2O2 (30 vol 

cides; acidic peroxide baths are effective with cobalt, %>— thO, and a typical acidic etching solution would 

vanadium and nickel silicides. comprise equal volume parts of HC1— H2O2 (30 vol 

The wet etchants of the present invention will always %>— H2O. Both of these solutions are much more con- 
comprise an aqueous system which will include water 20 centrated than the 1:1:5 solutions typically used in con- 
and a source of peroxide. The source of the base or acid ventional salicide processes. We have found that these 
can vary. conventional wet etch solutions do no! provide favor- 

For basic wet etchants, the pH will normally be about able results. 

1 1 to about 12. At present, the preferred base is ammo- In FIG. 1 A, a typical p-type silicon substrate is repre- 

nium hydroxide; the reason for this is that sodium hy- 25 sented by the numeral 10. Implanted therein by any 

droxide or potassium hydroxide tend to attack oxide conventional means are n+ source and drain regions 20 

present. and 30, respectively. 

For acidic wet etchants, the pH will normally be Si02 isolation regions 40 and 50 are shown, the same 

from about 1 to about 2, i.e., the systems are highly being formed in a conventional manner. Si02 region 60 

acidic. Both hydrochloric and sulfuric acids are useful, 30 is shown grown on the silicon substrate, again growth 

but care should be taken in utilizing nitric acid or hy- being in a conventional manner by chemical vapor de- 

drofluoric acid since the same will tend to attack oxide position or thermal growth with etching of the Si02 

present. area being performed photolithograpically in a conven- 

The acidic or basic peroxide etchants of the present tional manner. Poly silicon gate 70 is also shown in FIG. 

invention are, as indicated, highly concentrated. For 35 I To this stage, processing is conventional, 

example, excellent results are obtained with a 1:1:1 vol- After the above conventional procedures, the metal 

ume solution of hydrogen peroxide;acid/base: water silicide of the present invention is deposited, as illus- 

whereas with a i : 1 :2 volume solution of the same com- trated by layer 80. It is to be noted that the metal silicide 

ponents, only a partial etch is obtained. completely covers Si(>2 areas 40 and 50 and polysilicon 

Thus, it is most preferred that the hydrogen peroxide 40 gate 70 as shown in FIG. 1 A. 

. .and acid/base each be used in at least an equal volume Following deposition of the metal silicide, annealing 

amount with respect to added water, preferably greater. in accordance with the present invention is conducted 

The acids or bases used in the present invention are and, following annealing in accordance with the present 

normally used as saturated solutions in water. The hy- invention, wet etching is conducted using a basic or 

drogen peroxide is generally used as available, i.e., a 45 acidic aqueous peroxide solution. 

30% aqueous solution (volume). Following annealing and etching, the structure of 

The maximum amounts of acid/base or hydrogen FIG. IB results. As can be seen from FIG. IB, depos- 

peroxide do not appear overly important, but as the ited metal silicide over the Si02 areas 40 and 50 has been 

amount of water added is increased to dilute the system removed (since there is no reaction with the silicon 

to an amount much greater than about 1 part by volume 50 oxide thereunder), but metal silicide remains in areas 

added water with 1 part by volume acid/base and 1 part where (in this instance) silicon was available for reac- 

by volume hydrogen peroxide, etching results decrease tion, specifically, at areas 90 and 100 (overlying the 

in acceptability. source and drain areas 20 and 30) and over polysilicon 

Both the basic wet etchants and acidic wet etchants in gate 70 as shown by remaining metal silicide 110. 
accordance with the present invention provide a high 55 'In accordance with the present invention, in areas 
etch ratio between metal silicide reacted with underly- where metal silicide does not react with the underlying 
ing roonocrystalline or polycrystalline silicon and unre- silicon oxide, the same is substantially completely re- 
acted metal silicide overlying silicon dioxide areas. moved. 

The pressure of etching is not overly important; nor- With reference to FIGS. 2 and 3, it is easily seen that 

raally we just use ambient pressure, but if one were 60 for the same amount of junction silicon consumed a 

willing to go to superatmosphcric conditions or subat- significantly lower sheet resistance is obtained with 

mospheric conditions, we at present see no basic change deposited alloys in accordance with the present inven- 

in processing conditions. Ambient conditions are most tion as compared to that obtained with pure metal depo- 

convenient. sition. FIG. 2 compares pure titanium deposition with 

The temperature of etching should be maintained 65 TiSii.o deposition and FIG. 3 compares pure tungsten 

from about 55° to about 85* C. deposition with WSii.o deposition. 

The time of etching is not critical since the etching In accordance with the present invention, a 100% - 

process is autocatalytic, i.e., the rate of etching in- decrease in achievable sheet resistance for the silicide 
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junctions can be obtained as compared to the pure 
metal, for example, with TiSii.oas compared to pure Ti. 

Conversely, for comparable sheet resistances, only 
half of the required junction silicon consumed is ob- 
served with, e.g., TiSi 1.0 alloy films in accordance with S 
the present invention as compared to that observed with 
pure Ti deposition, thereby providing a significantly 
higher margin of safety with respect to junction short- 
ing. This permits shallower doped silicon junctions, an 
important factor with emerging VLSI technology. 10 

A consequence of the fact that less junction silicon is 
consumed is that devices formed in accordance with the 
present invention do not illustrate non-ohmic behavior. 

The following specific embodiments illustrate the 
benefits obtained per the present invention in more 15 
detail. 

Case I— Titanium Metal Deposition — Conventional 
Salicide Process 

50 nm of titanium (Ti) metal will react with 1 13.5 nm 20 
of junction silicon (Si) to form 118.5 nm of titanium 
silicide (TiSii). This should yield a sheet resistance, for 
the TiSi2, of 1.26 ohms/square (based upon a specific 



8 



that obtained with Ti metal deposition. This is an exam- 
ple of a most important benefit of the present invention, 
i.e., the ability, by use of the deposited alloy, to obtain 
more shallow junctions for a specified salicided junction 
resistance. 

Case III — TiSijc Alloy Deposited For Fixed Junction 
Depth and Reduced Junction Resistance 

By doubling the amount of deposited titanium and 
silicon the same net junction depth will be produced as 
in Case I (i.e., 113.5 nm). However since the final sili- 
cide thickness is twice that obtained in Case I, the sheet 
resistance will be reduced by one-half (i.e., 0.63 
ohms/sq.). Thus, the present invention also gives a 
designer the flexibility of selectively decreasing the 
sheet resistance without compromising shallow junc- 
tions. To achieve a 0.63 ohms/sq. sheet resistance in 
Case I, the final silicon junction would have to be 227 
nm, i.e„ double that achieved by utilizing the present 
invention. 

The above examples are summarized in the following 
Table, along with similar cases for saliciding with co- 
balt (for Case II, x =*0.75). 

TABLE 











Examples Comparing 


Metal Versus Alloy Deposition 




















Thickness (nm) 




Salicided 






Si/Me 


McSi 2 


Deposited 






Original 


Junction 


Remaining 


Junction 






Ratio 


Ratio 


Film Si/Me 


Deposited 


Deposited 


junction 


silicon 


junction 


Resistance 


Case 


Metal 


(1) 


(2) 


Ratio (3) 


metal 


silicon 


thickness 


consumed 


silicon (4) 


ohms/sq (5) 


I 


Ti 


2.27 


2.37 


0 


50 


0 


227 


113.5 


113.5 


1.26 


II 


Ti 


2.27 


2.37 


1.0 


50 


56.75 


113.5 


56.75 


56.75 


1.26 


III 


Ti 


2.27 


2.37 


1.0 


too 


113.5 


227 


113.5 


113.50 


0.63 


I 


Co 


3.66 


3.56 


0 


31 


0 


227 


113.5 


113.5 


1.54 


II 


Co 


3.66 


3.56 


0.75 


31 


42.5 


142 


71 


71 


1.54 


III 


Co 


3.66 


3.56 


0.75 


50 


68 


230 


115 


115 


0.96 



(1) Volume (Him thickness) ratio of metal m silicon needed in form (he final McSii silicide 

(2) Final MeSii silicide volume (film thickness) ratio to deposited metal volume (thickness) 

(3) MeSi* ratio for maximum silicon thot will yield a Mlicide reaction as per the invention 

(4) Based upon experimentally determined rule that no more than one-half of the original junction it consumed for calicide formation 

(5) Resistivity of T1S3 = 15 micro-ohm-cm; CoSb « |7 micro-ohm-cm. 



resistivity for the TiSi2 of 15 micro-ohm-cm). Under 40 
these conditions, the remaining silicon junction will be 
113.5 nm. This would be the optimum result achievea- 
ble using a conventional self-aligned silicide processes. 

This amount of Ti can be used with pre-salicided 
doped Si junctions ranging down to 0.25 microns deep, 45 
based upon the following characteristics of optimized 
salicided junctions: 

(1) the junction should provide ohmic contact be- 
tween the salicided layer and remaining junction Si that 

is not consumed by the Ti;' 50 

(2) the junction should not exhibit excessive reverse 
bias diode leakage, normally exhibited by good non-sali- 
cided diodes of the same thickness as the salicided di- 
odes and an equivalent dopant profile provide; and 

(3) the junction should exhibit normal forward bias 55 
characteristics. 

It has been determined experimentally that up to 
one-half of the original junction Si can be consumed, 
during saliciding, and still yield the above junction 
diode properties. 60 

Case II— TiSijc (x=l) Alloy Deposit 

The deposition of the above alloy (i.e., 50 nm of tita- 
nium, 56.75 nm of silicon) will result in the consumption 
of only one-half as much (i.e., 56.75 nm) junction Si as 65 
compared with Case I, yielding a junction only one-half 
as deep (i.e., 56.75 nm). The same silicide resistivity will 
be observed since the final TiSi2 thickness is similar to 



Having thus described general aspects of the inven- 
tion, the following currently preferred best modes of 
practicing the invention are offered. 

EXAMPLE I 

Silicon dioxide was grown in a conventional manner 
on a conventional p~-type silicon substrate, and then 
polysilicon was deposited thereon using conventional 
techniques. Following polysilicon deposition, photo- 
lithographic etching was conducted in a conventional 
manner to define the polysilicon gate electrode. This in 
turn defines the source and drain regions. The source 
and drain regions were then doped with arsenic to a 
doping profile level of lO^/cm 2 at the silicon surface 
with a junction depth of 300 nm, and the remaining 
silicon dioxide was then removed. 

Processing as above is conventional in the art. 

After the above procedure, the intermediate device 
was introduced into a vacuum evaporation furnace 
which was maintained at a pressure of 10- 6 Torr. Using 
electron beam evaporation, a source of pure titanium 
and a source of pure silicon were evaporated to form a 
titanium-silicon alloy over the complete surface of the 
intermediate device using the following conditions: Ti 
evaporation rate=2 Angstroms/sec, Si evaporation 
rate =2.27 Angstroms/sec. 

The alloy had the composition TiSii.o; the thickness 
of theTiSh.owas 106.75 nm (50 nm Ti plus 56.75 nm Si). 
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Following deposition of the TiSii.o, the intermediate 
device was introduced into a furnace, whereafter the 
inert gas forming gas containing 10 vol % H2plus 90 vol 
% N2 was flowed through the furnace; the furnace 
temperature was raised to 650° C. and annealing was 5 
conducted at that temperature for 30 minutes. 

The intermediate device was removed from the fur- 
nace and then etched in an etchant comprising (all parts 
are by volume) 1 part NH4OH, 1 part H2O2 (30 vol %) 
and 1 part H2O, heated to 75* C. Etching was con- 10 
ducted for 5 minutes at the above conditions. Etching 
was otherwise at ambient conditions. 

The intermediate device was then removed from the 
etch bath. 

The unreacted TiSij.ohad been completely removed 15 
over the silicon dioxide areas, and yet the reacted TiSi: 
remained over the source and drain regions and over 
the polysilicon gate electrode. 

The resulting junction depth was 56.75 nm. 



10 



20 



EXAMPLE 2 



The procedure of Example 1 was followed except for 
evaporating cobalt and silicon to yield as deposited 
CoSio.75 and annealing was at 650* C. The etch bath ^ 
used was 1 part HC1, 1 part H2O2, and 1 part H2O 
heated to 75" C. 

Similar results were obtained. 

While there have been described what are at present 
considered to be the preferred embodiments of this 3Q 
invention, it will be obvious to those skilled in the art 
that various changes and modifications can be made 
therein without departing from the invention, and it is, 
therefore, intended to cover all such changes and modi- 
fications as fall within the true spirit and scope of the 35 
invention. 

What is claimed is: 

1. A process of forming a patterned silicide layer 
overlying a processed semiconductor substrate, the 
substrate having insulator regions and insulator-free 40 

. regions on an exposed surface thereof, comprising the 

v steps of: 

co-depositing silicon and a refractory metal on the 
exposed surface of the substrate to form a metal 
rich silicide of the formula MSi* thereon, wherein 45 
0.25^x^1.0; 

annealing the metal rich silicide such that it reacts 
with the underlying insulator-free regions to form a 
reacted silicide without reacting with the underly- 
ing insulator regions; and 50 



exposing the substrate to a concentrated basic perox- 
ide etchant which removes the unreacted portions 
of said metal rich silicide without removing said 
reacted silicide. 

2. The process of claim 1, wherein said refractory 
metal is selected from the group consisting of titanium, 
zirconium, tungsten and molybdenum. 

3. The process of claim 1, wherein said refractory 
metal is titanium. 

4. The process of claim 1, wherein said insulator-free 
regions comprise monocrystalline or poly crystal line 
silicon, and wherein said insulator regions comprise 
silicon dioxide. 

5. The process of claim 1, wherein said etchant has a 
pH of about 1 1 to about 12. 

6*. The process of claim I, wherein said etchant con- 
sists essentially of a 1:1:1 volume solution of ammonium 
hydroxide, hydrogen peroxide and water. 

7. A process of forming a patterned silicide layer 
overlying a processed semiconductor substrate, the 
substrate having insulator regions and insulator-free 
regions on an exposed surface thereof, comprising the 
steps of: 

co-depositing silicon and a refractory metal on the 
exposed surface of the substrate to form a metal 
rich silicide of the formula MS\ X thereon, 
0.25^x^0.75; 

annealing the metal rich silicide such that it reacts 
with the underlying insulator-free regions to form a 
reacted silicide without reacting with the underly- 
ing insulator regions; and 

exposing the substrate to a concentrated acidic perox- 
ide etchant which removes the unreacted portions 
of said metal rich silicide without removing said 
reacted silicide. 

8. The process of claim 7, wherein said refractory 
metal is selected from the group consisting of cobalt, 
vanadium and nickel. 

9. The process of claim 7, wherein said insulator-free 
regions comprise monocrystalline or polycrystalline 
silicon, and wherein said insulator regions comprise 
silicon dioxide. 

10. The process of claim 7, wherein said etchant has 
a pH of about 1 to about 2. 

11. The process of claim 2, wherein said etchant con- 
sists essentially of a 1:1:1 volume solution of a member 
selected from the group consisting of hydrochloric acid 
and sulfuric acid, in combination with hydrogen perox- 
ide and water. 

***** 
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(57) ABSTRACT 

This invention relates to cleaning organic polymer-metal 
composite material from screening masks and associated 
accessories used for printing a conductive paste pattern on 
microelectronic components, such as, for example, ceramic 
green sheets in the production of semiconductor packaging 
substrates. More particularly, this invention is concerned 
with the aqueous cleaning of screening paste residue from 
masks and other paste screening and processing equipment 
using water-based alkaline cleaning compositions compris- 
ing an organic quaternary ammonium hydroxide as the 
primary basic active ingredient to provide a more environ- 
mentally friendly alternative to non-aqueous organic sol- 
vents-based cleaning. 
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REMOVAL OF SCREENING PASTE RESIDUE 

WITH QUATERNARY AMMONIUM 
HYDROXIDE-BASED AQUEOUS CLEANING 
COMPOSITIONS 

FIELD OF THE INVENTION 

[0001] This invention relates to cleaning organic polymer- 
metal composite materials from screening masks and asso- 
ciated accessories used in printing conductive paste patterns 
on ceramic green sheets in the production of substrates for 
semiconductor packaging. More particularly, this invention 
is concerned with the aqueous cleaning of screening paste 
residue from masks and other screening equipment using 
water-based alkaline cleaning compositions comprising an 
organic quaternary ammonium hydroxide as the primary 
basic active ingredient to provide a more environmentally 
friendly alternative to non-aqueous organic solvents based 
cleaning. 

BACKGROUND OF THE INVENTION 

[0002] In the fabrication of multilayer ceramic (MLC) 
substrates for packaging semiconductor devices, conductive 
metal patterns are screened onto individual ceramic green 
sheets through a mask, such as, a metal mask. This screening 
can be done, such as, by extrusion printing using at least one 
nozzle, or by screen printing through an emulsion mask 
employing a non -pressurized paste squeegee method, etc. 
After screening, the green sheets are assembled and aligned, 
laminated and then sintered. 

[0003] The fabrication processes and equipment used to 
produce multilayer ceramic packages with paste -screened 
internal metallization are well known in the art. 

[0004] However, the fabrication of advanced ground rule 
electronic packaging structures requires the printing of 
closely spaced conductive metal patterns utilizing metal 
masks that have a high density of fine pitch etched features. 
It has been observed that in the case of the masks having 
closely spaced features, there is a problem with paste residue 
build-up in and around the mask features in addition to the 
residue on the top and bottom surface of mask. This requires 
that the masks, especially the metal masks be cleaned after 
one or more screening passes to remove such residue to 
eliminate/minimize the possibility of defects in subse- 
quently screened patterns, thereby preventing product yield 
loss. Furthermore, removing paste residue on masks is more 
critical in the case of finer pitch etched features. 

[0005] Conductive pastes used in screening processes for 
the delineation of wiring and via metallurgy pattern or for 
use in the application of solder-based paste patterns onto 
electronic components, basically comprise metal particles 
dispersed in an organic binder and solvent vehicle along 
with wetting agents, dispersants/surfactants, plasticizers, 
and other additives asrheology modifiers, thickening agents, 
antioxidants, and coloring agents which are all well known 
ingredients in paste compositions for the fabrication of 
electronic components. 

[0006] Additionally, selection of conductive screening 
pastes which are based on a variety of metal/polymer 
binder/solvent vehicle systems is dictated by several con- 
siderations, viz, the requirement for a particular circuit 
pattern, the drying characteristics of the paste, the match of 



paste shrinkage with that of the ceramic, and the overall 
compatibility of the paste with the green sheet materials, to 
name a few. 

[0007] The most commonly used conductive pastes in 
multilayer ceramic fabrication are based on molybdenum or 
tungsten metal powder dispersed in an organic binder, such 
as, for example, ethyl cellulose, polymethylmethacrylate 
and the like, or polyhydrocarbon based thermoplastic resins 
in a high boiling organic solvent vehicle. Other conductive 
paste types employed in multilayer ceramics can be based on 
copper, gold or nickel as the metal constituent. Because of 
the variety and complex chemical make-up of polymer/ 
metal dispersions, it is required that the mask cleaning 
medium and process selected be such that it provides 
complete and efficient cleaning of paste residue on masks 
and associated equipment regardless of the paste character- 
istics in terms of wettability, solubility, polarity, etc. 

[0008] Recently, several water-based cleaners have 
become commercially available and many aqueous deter- 
gent compositions have been described in the patent litera- 
ture, for example, for cleaning laboratory glassware, and 
printed circuit board assemblies to remove soldering flux, 
oil/grease, and other organic residues invariably formed 
during bonding and assembly processes. These are generally 
based on a combination of surfactants in water and/or 
alkaline detergent compositions comprising alkali metal 
salts as sodium metasilicate, sodium carbonate, tribasic 
sodium phosphate, sodium tripolyphosphate, and combina- 
tions thereof, and highly alkaline solutions based on alkali 
metal salts, alkali metal hydroxides, and mixtures thereof 
with alkanolamines; and microemulsion cleaners compris- 
ing an aqueous solution of surface active agents with deter- 
gent compositions and a water-insoluble organic solvent. 

[0009] U.S. patent spplication Ser. No. , filed on 

May , 1998, Attorney Docket No. FI9-97-244, 

entitled "AQUEOUS QUATERNARY AMMONIUM 
HYDROXIDE AS A SCREENING MASK CLEANER", 
assigned to the assignee of the instant Patent Application, 
and the disclosure of which is incorporated herein by 
reference, discloses one such solution by using an aqueous 
quaternary ammonium hydroxide as a more environmentally 
friendly alternative to non-aqueous solvents for cleaning of 
masks, such as, a screening mask. 

PURPOSES AND SUMMARY OF THE 
INVENTION 

[0010] The invention is a novel process for removing 
screening paste residue with aqueous, alkaline cleaning 
compositions based on quaternary ammonium hydroxide as 
the common active ingredient of these compositions. 

[00U] Therefore, one purpose of this invention is to 
provide a method of cleaning paste screening masks and 
associated screening equipment using aqueous-based alka- 
line cleaning compositions. 

[0012] Another purpose of this invention is to provide 
aqueous alkaline compositions based on organic quaternary 
ammonium hydroxide and a method of cleaning masks and 
other screening accessories with these compositions. 

[0013] Yet another purpose of this invention is to provide 
an aqueous cleaning method using quaternary ammonium 
hydroxide based alkaline solution for removing paste resi- 
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due from masks and other screening accessories which 
utilizes a minimum volume of cleaning solution, conserves 
water, and reduces waste. 

[0014] Yet another purpose of this invention is to provide 
an aqueous cleaning method for paste screening masks 
where it is practical to recover metals from the solid waste. 

[0015] Still yet another purpose of this invention is to 
provide an aqueous cleaning method using quaternary 
ammonium hydroxide-based compositions which have no 
detrimental effect on screening equipment including metal 
masks, emulsion masks, screening nozzles, squeegee blades, 
polymer adbesives used in mask assembly, cleaning tool 
contacting surfaces, etc. 

[0016] Therefore, in one aspect this invention comprises a 
composition for removing at least a portion of a screening 
paste residue from at least one paste screening object with at 
least one aqueous alkaline composition comprising at least 
one quaternary ammonium hydroxide as at least one com- 
ponent of said composition. 

[0017] In another aspect this invention comprises a clean- 
ing apparatus comprising: 

[0018] (a) at least one means for immersing at least 

one screening object having screening paste residue 

on said screening object in at least one container; 
[0019] (b) wherein said container comprises at least 

one aqueous alkaline composition having at least one 

quaternary ammonium hydroxide as at least one 

component of said composition; 
[0020] (c) wherein said aqueous alkaline composition 

is subjected to at least one means of mechanical 

agitation; 

[0021] (d) said at least one means of mechanical 
agitation also causes separation of at least a portion 
of said paste residue from said screening object; and 

[0022] (e) at least one means of rinsing said screening 
object with water after cleaning with said aqueous 
alkaline solution, followed by at least one means of 
drying said screening object after said cleaning and 
rinsing operation. 

[0023] In yet another aspect this invention comprises a 

cleaning apparatus comprising: 

[0024] (a) at least one means for pressure spraying at 
least one solution onto at least one screening object 
having screening paste residue on said screening 
object; and 

[0025] (b) wherein said at least one solution com- 
prises at least one aqueous alkaline composition 
having at least one quaternary ammonium hydroxide 
as at least one component of said composition. 

[0026] The features of the invention believed to be novel 
and the elements characteristic of the invention are set forth 
with particularity in the appended claims. The invention 
itself, however, both as to organization and method of 
operation, may best be understood by reference to the 
detailed description which follows: 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] This invention is concerned with a method of 
removing paste residue from screening masks and ancillary 



equipment used in screening conductive paste patterns on 
ceramic green sheets in the manufacture of multilayer 
ceramic substrates. This invention is particularly concerned 
with removing polymer-metal/inorganic paste residue from 
screening masks using aqueous cleaner compositions con- 
taining tetramethyl ammonium hydroxide and related 
organic quaternary ammonium hydroxides as such or in 
combination with additives for modifying wettability, spe- 
cifically, surfactants and/or water soluble organic solvents, 
to provide a more environmentally friendly alternative to 
organic solvents, 

[0028] The manufacture of semiconductor packaging 
products, such as multilayer ceramic substrates, typically 
employs the technique of conductive pattern screening onto 
ceramic green sheets through a mask, such as, a metal mask, 
using a variety of polymer/metal composite pastes to delin- 
eate conductive patterns for the desired circuitry. In this 
process, some paste residue accumulates in and around the 
fine pitch etched features of the mask, particularly on the 
underside, in addition to that on the surface of the mask. The 
entrapped residue must be removed if the mask is to be 
reused which involves cleaning after one or more screening 
passes depending on whether the paste is fast drying or slow 
drying as otherwise the residue can cause defects in subse- 
quently screened conductive patterns. The particular com- 
bination of a polar and/or non-polar polymer binder and 
solvent vehicle system selected for dispersing the metal 
powder determines the solubility and wettability character- 
istics of the resulting paste which may range from hydro - 
philic to lipophilic and which may be fast drying or slow 
drying. 

[0029] Selection of conductive screening pastes that are 
based on a variety of metal/polymer binder/solvent vehicle 
system is dictated by several considerations, viz., the 
requirement for a particular circuit pattern, drying charac- 
teristics, the match of paste shrinkage with that of the 
ceramic, and the overall compatibility of the paste with the 
green sheet materials for the necessary wettability and 
adhesion. 

[0030] Screening masks are typically made of metal, such 
as, etched Mo masks, electro form masks, and emulsion 
masks for silk screening, such as, for example, stainless steel 
mesh with at least one photoresist coating of a suitable 
emulsion such as those based on polyvinyl alcohol-poly vi- 
nylacetate/poly acrylic-polyester type emulsion coatings. 

[0031] The present invention provides a method for clean- 
ing masks and other screening accessories using aqueous 
tetramethyl ammonium hydroxide-based alkaline cleaning 
compositions as a more environmentally friendly alternative 
to organic solvents for the effective cleaning of screening 
paste residue from masks and associated screening equip- 
ment regardless of the paste type. 

[0032] Aqueous tetramethyl ammonium hydroxide 
(TMAH) is widely used in the semiconductor industry as a 
metal-ion-free resist developer in lithographic processes for 
integrated circuit device fabrication. Semi-aqueous cleaning 
compositions containing TMAH for removal of baked pho- 
toresist residues, and for cleaning semiconductor wafers and 
wafer carriers have been known. For example, U.S. Pat. No. 
5,407,788 (Fang) describes the use of tetramethyl ammo- 
nium hydroxide (TMAH) in a non-aqueous solvent for 
stripping cured patterns of negative resist; U.S. Pat. No. 
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5,350,489 (Muraoka) is concerned with the use of quater- 
nary ammonium hydroxide solutions for cleaning plastic 
molded items used in chemical analysis and wafer carriers to 
remove impurities of fine particles and fats and oils; and 
U.S. Pat. No. 5,466,389 (llardi) is concerned with cleaning 
silicon wafers using aqueous cleaning compositions having 
8-10 pH comprising TMAH and related organic bases or 
alkali metal hydroxides in combination with surfactants, 
buffering agents for adjusting pH to less than 10; U.S. Pat. 
No. 4,592,856 (Kobayashi) is concerned with removing 
oil/grease and resinous contaminants from the surface of 
plastic articles and molding equipment for eye glass lenses 
and optical instruments using detergent compositions com- 
prising TMAH or 2-hydroxyethyl trimethyl ammonium 
hydroxide (Choline) in chlorinated solvents as perchloroet- 
hylene, 1,1,1-trichloroethane, methylene chloride, an ionic/ 
non-ionic surfactant and methyl alcohol. 

[0033] As stated earlier, the polymer/metal pastes that are 
used for defining via and wiring metallurgy patterns on 
ceramic green sheets are comprised of metal constituents, 
such as, molybdenum, copper, tungsten, some may contain 
nickel, gold, palladium, platinum and silver, which may 
include inorganic fillers such as glass, ceramic powder, or 
glass frit, all dispersed in an organic polymer binder and a 
high boiling solvent vehicle along with additives including 
dispersants, Theological control agents as thickening agents 
suitable for a particular screening application, antioxidants, 
coloring agents, etc. 

[0034] The invention may also be used to clean masks and 
screens which are used in the application of solder pastes for 
various microelectronic components. 

[0035] Representative polymer binder systems for molyb- 
denum paste include: cellulosic polymers, for example, 
ethylcellulose, acrylate polymers such as polym- 
ethymethacrylate, and polyhydrocarbon resins which are all 
hydrophobic, or the binder can be water soluble, for 
example, hydroxyethyl cellulose, hydroxypropyl cellulose, 
hydroxymethyl cellulose, carboxymethyl cellulose, and the 
like. 

[0036] The preferred high boiling solvent vehicle having a 
low evaporation rate in paste dispersions are ester-alcohol 
and glycol-ether type solvents such as 2,2,4-trimethylpen- 
tane diol, 13, monoisobutyrate (Texanol), diethylene glycol 
monomethylether acetate, diethylene glycol monobutylether 
acetate or butyl carbitol acetate (BCA), and the like. 

[0037] Depending on the solvent vehicle system used, the 
paste can be polar or non -polar, hydrophilic or lipophilic, 
and have differences in affinity and adhesive characteristics 
for a metal mask surface in addition to having differences in 
drying rate, which all affect the removal of paste residue by 
a particular cleaning medium. 

[0038] According to this invention, it has been found that 
paste build-up in and around the mask features in the 
screening process can be readily removed by ultrasonic 
agitation in a heated aqueous alkaline solution comprising 
quaternary ammonium hydroxide, specifically, tetramethyl 
ammonium hydroxide (TMAH) as one of the active ingre- 
dients which may contain surface tension lowering addi- 
tives, for example, surfactants and/or water soluble organic 
solvents, alkali metal hydroxide and alkali metal salts, and 
optionally one or more corrosion inhibitor. Minimum effec- 



tive pH for the quaternary ammonium hydroxide-based 
aqueous cleaning solutions described here is greater than 
11.5, preferably between about 11.9 and about 12.9. 

[0039] The exact paste composition is not critical, any 
residue from screening pastes comprising electrically and/or 
thermally conductive ingredients in an organic polymeric 
binder and an organic solvent vehicle along with dispersing 
agent can be cleaned according to the method described 
here. 

[0040] Ultrasonic cleaning is preferred over a spray wash 
as a multiple number of masks can be cleaned simulta- 
neously in the same solution providing waste minimization, 
cost benefit, and reduction in water consumption. Although 
other means of mechanical agitation and pressurized spray 
also provide effective cleaning, these are not found suitable 
with surfactant carrying compositions even when the sur- 
factant added is a low-foam type because of foam formation, 
which dampens the mechanical impact of pressurized spray. 

[0041] In another embodiment of this invention, TMAH- 
based aqueous alkaline cleaning solutions may include alkali 
metal hydroxide such as sodium hydroxide, potassium 
hydroxide and/or alkali metal salts, such as, sodium carbon- 
ate, sodium sesquicarbonate, and/or potassium carbonate. 
These solutions may also include alkali metal silicates, for 
example, sodium silicate, potassium silicate, and/or sodium 
phosphate, sodium tripolyphosphate as detergency enhanc- 
ing additives, and optionally one or more corrosion inhibi- 
tors. 

[0042] Aqueous cleaning compositions comprising 
TMAH in conjunction with a non-ionic surfactant and/or a 
water soluble environmentally suitable organic solvent are 
especially effective with the ultrasonic cleaning of heavy 
paste residue from extrusion heads, paste nozzles, paste 
applicators, and other screening accessories. 

[0043] Various quaternary ammonium hydroxides pre- 
ferred for aqueous alkaline cleaning solutions according to 
this invention include: tetramethyl ammonium hydroxide, 
tetraethyl ammonium hydroxide, tetrabutyl ammonium 
hydroxide, trimethyl-2-hydroxyethyl ammonium hydroxide 
(Choline), triethyl-2-hydroxy ethyl ammonium hydroxide, 
ethyltrimethyl ammonium hydroxide, methyl tri-(2-hy- 
droxyethyl) hydroxide and the like. These solutions may 
also include organic amine bases such as those selected from 
the group alkanolamines, for example, 2-ethanolamine, 
diethanolamine, 1 -amino -2-propanolamine, and the like. 

[0044] Water soluble organic solvents selected for blend- 
ing with TMAH-based aqueous solutions for paste residue 
removal are presently exempt from environmental regula- 
tions, particularly these solvents are not in the category of 
Hazardous Air Pollutants nor are these among the SARA 
Title-Ill reportable compounds or suspected carcinogens. 

[0045] Representative solvent candidates suitable for the 
purpose of this invention include: dipropylene glycol alky I 
ethers, for example, dipropylene glycol monomethyl ether, 
dipropylene glycol monobutyl ether, tripropylene glycol 
monomethyl ether, 3-methoxy-l-bulanol, benzyl alcohol, 
and the like. 

[0046] Surfactants which may optionally be added to 
aqueous alkaline solutions for example are non-ionic sur- 
factants selected from the group, comprising low foam 
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linear long chain alcohol ethoxylates, typically, dodecyl 
alkyl ethoxylates, nonylphenoxy poly(ethyleneoxy) ethanol, 
octyl phenoxy-polyoxy ethanol; EO/PO polymers, such as, 
polyoxyethylene-polyoxypropylene block co-polymers at 
varying composition of EO/PO blocks; fluorinated polyoxy- 
ethylene alkanols, such as, Fluorad 171; and alkyl polygly- 
cosides surfactants, for example, D-ghicose-decyloctyl 
polyether ether oligomers. These surfactants are well known 
in the art and are commercially available as concentrates in 
a polypropylene glycol or polyethylene glycol-water mix- 
ture. In addition to these, ionic and amphoteric surfactants, 
defoamers and corrosion inhibitors may also be added if 
needed. 

[0047] Unless specified otherwise, the percentages given 
in this patent application are in vol % (volume percent) and 
in wt % (weight percent). 

[0048] According to one preferred embodiment of this 
invention, quaternary ammonium hydroxide -containing 
aqueous solutions that are effective in cleaning paste residue 
from screening masks and associated equipment comprise 
the following: 

[0049] (a) An aqueous solution of tetramethyl ammo- 
nium hydroxide (TMAH) having between about 0.5 
to about 5 wt % TMAH based on (CH3) 4 N + OH _ as 
the active ingredient. 

[0050] (b) The aqueous TMAH solution described in 
(a) additionally comprising a non-ionic surfactant of 
low foam type as long chain alcohol ethoxylates, 
ethoxylated alkyl phenols such as octylphenoxy 
polyoxyethanol, and ethylene oxide/propylene oxide 
block co-polymers, and glucose based alkyl poly- 
ethers or alky polyglycosides which to a large extent 
are biodegradable. 

[0051] (c) An aqueous alkaline solution comprising 
tetramethyl ammonium hydroxide, 2-hydroxyethyl 
trimethyl ammonium hydroxide (Choline), tetraethyl 
ammonium hydroxide, and combinations thereof, at 
a concentration of less than 1 wt % additionally 
comprising an alkali metal hydroxide, for example 
potassium hydroxide, sodium hydroxide, and mix- 
ture thereof, and/or alkali-metal silicate, for 
example, sodium metasilicate, potassium metasili- 
cate, sodium tripolyphosphate, and the like; and/or 
an alkanolamine, for example, 2-aminoethanol, at a 
concentration of less than about 1 wt %, the mixture 
may also contain a surfactant. 

[0052] (d) The aqueous TMAH solution described in 
(a) additionally comprising between about 10 to 
about 30 vol. % of a high boiling and water soluble 
organic solvent, preferably dipropylene glycol 
monomethyl ether and/or tripropylene glycol 
monomethyl ether. 

[0053] A representative process for mask cleaning accord- 
ing to this invention involves immersing the masks having 
paste residue, in an aqueous TMAH-based alkaline solution 
pre-heated at between about 130° F. to about 170° F. and 
ultrasonically agitating the same for between about 30 to 
about 60 seconds, rinsing immediately with water, prefer- 
ably hot deionized water in an ultrasonic bath or using 
pressurized spray and drying with forced air, or N 2 , prefer- 
ably hot air or nitrogen. When using an ultrasonic or spray 



rinse, rapid drying of the masks may be accomplished by a 
dip treatment or exposure to a fine mist of a lower boiling 
solvent, such as, isopropyl alcohol, or simply exposure to its 
vapor after the water rinse and then air dried. 

[0054] The aqueous cleaning compositions described 
above which are comprised of a combination of TMAH and 
sodium hydroxide, potassium hydroxide and/or an organic 
amine have the advantage of reducing the TMAH concen- 
tration without affecting the cleaning performance. A similar 
reduction in TMAH concentration is obtained by adding 
between about 10 and about 30 vol % dipropylene glycol 
methyl ether (DPM) and/or tripropylene glycol methyl ether 
(TPM), and related water soluble high boiling organic 
solvents. 

[0055] It has been found, unexpectedly, that the conduc- 
tive metal from the removed paste essentially completely 
settles at the bottom of the ultrasonic tank and as such can 
be quantitatively recovered as a powdery material for recov- 
ery and reclamation. 

[0056] An advantage of ultrasonic cleaning with these 
aqueous solutions is that a multiple number of masks can be 
arranged in a rack and cleaned simultaneously in the same 
bath solution which can be reused after filtering out the 
separated solids, thus providing material cost reduction, 
waste minimization, and the conservation of water. Simi- 
larly, screening accessories of all different sizes and shapes 
can be cleaned all together using an ultrasonic bath followed 
by a water rinse and a dry cycle. 

[0057] According to this invention, an ultrasonic cleaning 
method is preferred when the cycle time requirement is not 
a factor, for example, in low volume production, and clean- 
ing of screening accessories, such as, nozzles, squeegee 
blades, and paste residue removal from fragile stencil mask 
types where a pressure spray may cause damage to the mask 
integrity. 

[0058] Major benefits of the aqueous cleaning method 
employing TMAH-based alkaline solutions include: no haz- 
ardous volatile emissions, no hazardous waste, no sludge 
treatment issues, low cleaner volume requirement, waste 
minimization, compatibility with cleaning accessories of all 
sizes and shapes, multiple mask cleaning with the same 
cleaning solution causing material cost reduction and mini- 
mizing water consumption. 

[0059] It is preferred that the quaternary ammonium 
hydroxide is a tetraalkyl ammonium hydroxide selected 
from the group comprising tetramethyl ammonium hydrox- 
ide, tetraethyl ammonium hydroxide, trimethyl-2-hydroxy- 
ethyl ammonium hydroxide (Choline), tetrabutyl ammo- 
nium hydroxide, and combinations thereof. 

[0060] The preferred aqueous alkaline composition based 
on quaternary ammonium hydroxide is aqueous tetramethyl 
ammonium hydroxide (TMAH) having a concentration in 
the range of between about 0.5 to about 5.0 weight percent 
based on (CH3) 4 N + OH~ solids dissolved in water, which 
may also contain a water soluble organic solvent. 

[0061] However, the aqueous tetramethyl ammonium 
hydroxide (TMAH) solution could contain at least one 
non-ionic surfactant selected from the group comprising low 
foam long chain linear alcohol ethoxylates of the type 
poly(oxyethylene)dodecyl ether; ethoxylated alkyl phenols 
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of the type octylphenoxy-polyethoxy ethanol, nonylphenoxy 
poly(ethyleneoxy) ethanol, and the like; and polyoxyethyl- 
ene-polyoxypropylene block co-polymers, poly(oxyethyl- 
ene-oxypropylene)nonyl phenyl ether, po y(oxy ethyl ene- 
)dodecyl ether; and polyalkyl glycosides of the type glucose- 
decyl-octyl ether oligomers, and combinations thereof. 

[0062] The aqueous TMAH solution could also contain at 
least one alkali metal hydroxide, selected from sodium 
hydroxide, potassium hydroxide, and/or alkali metal salt 
selected from sodium carbonate, potassium carbonate, 
sodium metasilicate, sodium tripolyphosphate, and combi- 
nations thereof. 

[0063] The aqueous TMAH solution could also contain at 
least one aliphatic amine selected from the group comprising 
monoethanolamine, diethanolamine, triethanolamine, and 
mixtures thereof. And, wherein the aliphatic amines could 
constitute between about 10 to about 30 percent of TMAH 
active ingredient concentration in deionized water to provide 
an aqueous cleaning solution with a pH in the range of 
between about 12.1 and about 13.1. 

EXAMPLES 

[0064] Various aspects of the present invention are further 
illustrated by referring to the following examples which are 
intended only to further illustrate the invention and are not 
intended to limit the scope of the invention in any manner. 

Example 1 

[0065] Molybdenum metal masks having fine etched fea- 
tures for via and wiring metallurgical patterns, and for I/O 
pads, suitable for multi-layer ceramic substrates were used 
for screening conductive pastes on ceramic green sheets 
with a screening tool. Various paste types screened on green 
sheets through metal masks are comprised of Mo, Cu, W, Ni 
as the metal component. The metal component was in the 
range of between about 60 to about 85 wt % as powder 
dispersed in between about 2 percent and 5 percent ethyl- 
cellulose or an alternative binder system such as polyhy- 
drocarbon based thermoplastic polymer binder and a high 
boiling polar solvent of ester-alcohol type like 2,2,4-trim- 
ethylpentane diol 1,3-monoisobutyrate, glycol-ether type as 
diethylene glycol alkylether acetate, or a non -polar hydro- 
carbon oil. 

[0066] Also included in the paste compositions are: thick- 
ening agents such as, for example, trigyceride fatty acid 
esters and dispersants/surfactants as alkyl sarcosinates, and 
other additives like antioxidants, coloring agents, corrosion 
inhibitors, etc. Paste compositions based on low molecular 
weight thermoplastic resins derived from petroleum hydro- 
carbons as the binder in conjunction with hydrocarbon oil as 
the solvent vehicle constituted lipophilic or non-polar paste 
types while the others are of polar type. 

[0067] Some of the pastes tested contained an inorganic 
filler such as glass, ceramic, or glass frit in conjunction with 
a metal powder as the major component. After the paste 
screening operation, the masks carrying the paste residue on 
the surface, and in and around the etched features were 
cleaned with an aqueous tetramethyl ammonium hydroxide 
(TMAH)-based solution as described in the following sub- 
examples: 

[0068] (a) Ultrasonic cleaning of paste residue with 
aqueous tetramethyl ammonium hydroxide 
(TMAH): 



[0069] A 1.5 percent solution of TMAH was prepared by 
diluting about 300 cc of a 25 percent (wt. %) concentrate 
(based on (CH3) 4 N""OH~) to about 5,000 cc with deionized 
water. The solution was heated to between about 140 and 
about 160° F. in an ultrasonic bath operated at a frequency 
of about 40 kHz. Mo metal masks having paste residue from 
the screening of Mo pastes including both the polar and 
non-polar type pastes were immersed in the heated cleaning 
solution and ultrasonically agitated for about 60 seconds 
followed by an immediate pressure spray rinse with hot 
deionized water at between about 110 and about 130° F., and 
forced air dry. Microscopic inspection of the cleaned masks 
showed a complete removal of residue from all areas of the 
mask regardless of the paste type used for screening. 

[0070] Similarly, Electroform masks (Ni plated on an 
etched Cu foil) carrying residue from screening Cu and W 
pastes were cleaned within about 45 second using 1.0 
percent TMAH solution at between about 140 to about 160° 
F. with ultrasonic agitation to provide complete removal of 
any residue from active and non-active areas of the masks. 
Similar results were obtained in the case of emulsion mask 
cleaning. 

[0071] (b) Mask cleaning with aqueous TMAH- 
soluble organic solvent blend: 

[0072] About a 0.7 percent (wt. %) solution of TMAH 
[based on (CHg^NTOH"] prepared by diluting a 25 percent 
TMAH concentrate with an 85:15 (volume ratio) blend of 
deionized water and dipropyleneglycol monomethyl ether 
(DPM), respectively, was heated at between about 145 to 
about 160° F. in an ultrasonic bath operated at a frequency 
of about 40 kHz. Masks carrying paste residue from various 
types of pastes were stacked in a carrier and immersed in the 
heated aqueous cleaning solution, and ultrasonically agitated 
for between about 45 to about 60 seconds followed by an 
immediate spray rinse with deionized water and forced air 
dry. Microscopic examination of the masks after cleaning 
showed no evidence of residue on the surface or in the fine 
pitch etched features of the active area. 

[0073] When 3-methoxy-l-butanol or tripropyleneglycol 
monomethyl ether (TPM) were used as a replacement of 
DPM or in combination with it, equally effective cleaning 
was accomplished under the same cleaning conditions. 
These organic solvent modified aqueous TMAH-based 
cleaning solutions were found to be effective for both the 
polar and non-polar paste residue in addition to providing a 
somewhat enhanced cleaning efficiency relative to the 
unmodified solution. 

[0074] These solutions have no foaming problem and 
therefore can also be used with pressurized spray cleaning of 
emulsion masks at low pressure, for example, in the range 
between about 50 and about 70 psi. Since the emulsion 
masks are relatively fragile, ultrasonic cleaning or low 
pressure spray cleaning is preferred. 

[0075] (c) Aqueous TMAH-based/low foam surfac- 
tant containing solution: 

[0076] About 1 percent (wt. %) TMAH in deionized water 
was prepared by diluting a 25 percent TMAH concentrate in 
water to which was added about 0.05 percent (wt. %) of a 
low foam non-ionic surfactant, octyl phenoxy-polyethoxy 
ethanol (70 percent active) formulation in polyethylene 
glycol and water. The resulting solution was heated to 
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between about 140 and about 170° F, in an ultrasonic bath 
and tested for mask cleaning using the process described in 
(a) above. It was found that the residue on metal masks and 
emulsion masks from the polar and non-polar pastes was 
effectively removed. 

[0077] (d) Removal of paste residue on screening acces- 
sories: 

[0078] Various forms of paste application equipment 
including disassembled nozzle components, and other paste 
handling items carrying dried paste residue were soaked in 
a heated aqueous TMAH-based/surfactant-containing solu- 
tion described in (c) above, for between about 5 to about 10 
min with ultrasonic off. The soak cycle was followed by 
ultrasonic agitation for between about 2 to about 3 min and 
an immediate water rinse, preferably deionized water, using 
an ultrasonic bath or a pressurized spray and a hot air dry, for 
example, using a dryer. 

Example 2 

[0079] The following aqueous alkaline solutions compris- 
ing TMAH and having pH of between about 11.9 to about 
12.9 were used for low pressure spray cleaning and ultra- 
sonic cleaning. After the cleaning step, the masks were 
immediately spray rinsed with hot water and blow dried 
using nitrogen. Again, a highly effective and efficient 
removal of paste residue from all types of pastes was 
obtained from all areas of the masks including the fine line 
feature region of the active area: 

[0080] (a) An aqueous solution comprising a blend of 
TMAH, sodium hydroxide (NaOH) and sodium carbonate 
(Na2C0 3 ) was prepared such that the total concentration of 
active ingredients obtained was about 1.1 wt. percent com- 
prising 0.6:0.2:0.3 wt. ratio of TMAHiNaOttNa^COg, 
respectively. 

[0081] For mask cleaning, the solution was heated at 
between about 145 to about 155° F. and sprayed onto masks 
carrying residual paste from a prior screening pass, with a 
hand-held single nozzle set up at between about 60 to about 
70 psi pressure for between about 35 to about 45 seconds 
followed by a spray rinse with deionized water at about 110° 
F., and blow dried using nitrogen. Microscopic inspection of 
the cleaned masks showed no evidence of residual paste on 
the mask. The same solution provided excellent cleaning 
with ultrasonic cleaning with the advantage that a much 
lower volume of cleaning solution was consumed due to the 
processing of multiple masks at one time and the repeated 
use of the same solution before it required replacing with a 
fresh solution. 

[0082] (b) An aqueous solution comprising blend of 
TMAH and ethanolamine: 

[0083] A cleaning solution was prepared having TMAH/ 
ethanolamine with a total concentration of active ingredients 
of 1.1 percent and a relative ratio of about 9:2, respectively, 
for the two components. Mask cleaning with this solution 
using a pressurized spray and with ultrasonic agitation 
according to the process described above showed excellent 
cleaning of all types of pastes on all types of masks. 

[0084] While the present invention has been particularly 
described, in conjunction with a specific preferred embodi- 
ment, it is evident that many alternatives, modifications and 



variations will be apparent to those skilled in the art in light 
of the foregoing description. It is therefore contemplated that 
the appended claims will embrace any such alternatives, 
modifications and variations as falling within the true scope 
and spirit of the present invention. 

What is claimed is: 

1. A composition for removing at least a portion of 
screening paste residue from a paste screening object with at 
least one aqueous alkaline composition comprising at least 
one quaternary ammonium hydroxide as at least one com- 
ponent of said composition. 

2. The composition of claim 1, wherein said screening 
paste comprises at least one metal and/or inorganic particu- 
late material, at least one polymeric binder and at least one 
solvent vehicle having at least one surfactant/dispersant and 
at least one thickening agent as additives, and optionally 
containing at least one antioxidant and at least one corrosion 
inhibitor. 

3. The composition of claim 1, wherein said screening 
object is selected from a group consisting of a screening 
mask, a screening fixture, paste making equipment and 
processing equipment. 

4. The composition of claim 1, wherein said screening 
object is selected from a group consisting of a metallic mask 
and an emulsion mask on a metal mesh. 

5. The composition of claim 4, wherein material for said 
metal mesh is stainless steel. 

6. The composition of claim 1, wherein said quaternary 
ammonium hydroxide is a tetraalkyl ammonium hydroxide 
selected from the group consisting of tetramethyl ammo- 
nium hydroxide, tetraethyl ammonium hydroxide, trimethyl- 
2-hydroxyethyl ammonium hydroxide (Choline), tetrabutyl 
ammonium hydroxide, and combinations thereof. 

7. The composition of claim 1, wherein said aqueous 
quaternary ammonium hydroxide is tetramethyl ammonium 
hydroxide. 

8. The composition of claim 1, wherein said quaternary 
ammonium hydroxide component of said aqueous alkaline 
composition is aqueous tetramethyl ammonium hydroxide 
(TMAH) having concentration in the range of between about 
0.5 to about 5.0 weight percent based on (CH3) 4 N + OH~ 
solids dissolved in water. 

9. The composition of claim 8, wherein said aqueous 
alkaline composition containing tetramethyl ammonium 
hydroxide (TMAH) also contains at least one non-ionic 
surfactant selected from the group consisting of low foam 
long chain linear alcohol ethoxylates of the type poly(oxy- 
ethylcne)dodecyl ether; ethoxylated alkyl phenols of the 
type octylphenoxy-polyethoxy ethanol, nonylphenoxy poly- 
(ethyleneoxy) ethanol, and the like; and polyoxyethylene- 
polyoxypropylene block co -polymers, poly(oxyethylene- 
oxypropylene)nonyl phenyl ether, poy(oxyethylene)dodecyl 
ether; and poly alky I glycosides of the type glucose-decyl- 
octyl ether oligomers, and combination thereof, 

10. The composition of claim 8, wherein said aqueous 
alkaline composition containing TMAH also contains 
between about 10 to about 30 volume percent of at least one 
high boiling water soluble organic solvent selected from the 
group consisting of benzyl alcohol, dipropylene glycol alkyl 
ethers, tripropylene glycol alkyl ethers, 3-methoxy-l-bu- 
tanol, methoxy propanol, and mixtures thereof, and wherein 
said alkyl is selected from a group consisting of butyl, ethyl, 
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methyl and propyl group, or said alkyl is a hydrocarbon 
radical selected from the group consisting of C n H 2n+1 , where 
n-1-4. 

H. The composition of claim 8, wherein said aqueous 
alkaline composition containing TMAH also contains at 
least one alkali metal hydroxide and/or at least one carbon- 
ate and/or at least one alkali metal silicate selected from a 
group consisting of sodium hydroxide, potassium hydrox- 
ide, and mixtures thereof, and/or sodium carbonate, sodium 
sesquicarbonate, sodium metasilicate, potassium metasili- 
cate, sodium tripolyphosphate, and mixtures thereof, 

12. The composition of claim 8, where said aqueous 
alkaline composition containing TMAH contains at least one 
aliphatic amine selected from the group consisting of mono- 
ethanolamine, diethanolamine, triethanolamine, and mix- 
tures thereof. 

13. The composition of claim 12, wherein said aliphatic 
amines constitute between about 10 to about 30 weight 
percent of TMAH active ingredient concentration in deion- 
ized water to provide aqueous cleaning solution. 

14. The composition of claim 1, wherein said composition 
of removing screening paste residue from a paste screening 
object with aqueous alkaline composition comprising qua- 
ternary ammonium hydroxide as at least one component of 
said composition, comprises the steps of: 

(a) immersing said screening object in at least one pre- 
heated cleaning solution at between about 130° F. to 
about 170° F. in an ultrasonic bath and subjecting to 
ultrasonic agitation in said pre-beated cleaning solution 
for between about 30 seconds and about 2 minutes, 

(b) removing said screening object from said cleaning 
solution and immediately subjecting said screening 
object to at least one ultrasonic or spray rinse with 
water. 



15. The composition of claim 14, wherein said water is 
preferably deionized water. 

16. The composition of claim 14, wherein after step (b) 
said screening object is dried using air and/or nitrogen. 

17. A cleaning apparatus comprising: 

(a) at least one means for immersing at least one screening 
object having screening paste residue on said screening 
object in at least one container; 

(b) wherein said container comprises at least one aqueous 
alkaline composition having at least one quaternary 
ammonium hydroxide as at least one component of said 
composition; 

(c) wherein said aqueous alkaline composition is sub- 
jected to at least one means of mechanical agitation; 

(d) said at least one means of mechanical agitation also 
causes separation of at least a portion of said paste 
residue from said screening object; and 

(e) at least one means of rinsing said screening object with 
water after cleaning with said aqueous alkaline solu- 
tion, followed by at least one means of drying said 
screening object after said cleaning and rinsing opera- 
tion. 

18. A cleaning apparatus comprising: 

(a) at least one means for pressure spraying at least one 
solution onto at least one screening object having 
screening paste residue on said screening object; and 

(b) wherein said at least one solution comprises at least 
one aqueous alkaline composition having at least one 
quaternary ammonium hydroxide as at least one com- 
ponent of said composition. 

* * * * * 
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(57) ABSTRACT 

Aprocess of cleaning of objects that relate to semiconductor 
fabrication processes, such as, for example, conductive paste 
screening in the production of multilayer ceramic substrates 
and composite solder paste by stencil printing in electronic 
circuit assembly. Specifically, the process removes a metal/ 
polymer composite paste from screening masks and associ- 
ated paste making and processing equipment used in print- 
ing conductive metal pattern onto ceramic green sheet in the 
fabrication of semiconductor packaging substrates. The pro- 
cess also cleans solder paste residue from stencil printing 
equipment used in electronic module assembly surface 
mount technology for SMT discretes, solder column 
attachment, and BGA (Ball Grid Array) attachment on 
ceramic chip carrier or for screening solder paste onto 
printed circuit board. More particularly, paste residue is 
cleaned from metal, ceramic, and plastic substrates by a 
non- alkaline semi-aqueous cleaning method employing high 
boiling propylene glycol alkyl ether or mixtures of propy- 
lene glycol alkyl ether and propylene glycol solvents. 

20 Claims, 4 Drawing Sheets 



Transport OBJECT 
to rinsG tanks tor 
pre-rlnse & final rfrise 



Separated 

Solids 



Preheated TPM 




cleaning tank 10 





Clean OBJECT 
wAiltrasonic agitation 



Filer used solvent to 
remove metal/other solids 







Recover metals 
or dispose waste 



| Collect filtrate"] » j Reuse filtrate 



Distill nitrate & collect 

pure solvent 
Recycle purified solvent 



Dispose distillation 
residue 



Semi-Aqueous Sotvent Cleaning with TPM 



07/08/2003, EAST Version: 1.03.0002 



U.S. Patent May 27, 2003 Sheet 1 of 4 US 6,569,252 Bl 




07/08/2003, EAST Version: 1.03.0002 



U.S. Patent 



May 27, 2003 



Sheet 2 of 4 



US 6,569,252 Bl 



Transport OBJECT 
to rinse tanks for 
pre-rinse & final rinse 



Recover metals 
or dispose waste 



Preheated TPM 
cleaning tank 10 



Clean OBJECT 
w/ultrasonic agitation 



Separated 


~4 


Solids 





Filter used solvent to 
remove metal/other solids 



Collect filtrate 



Reuse filtrate 



Distill filtrate & collect 

pure solvent 
Recycle purified solvent 



Dispose distillation 
residue 



FIG. 2 

Semi-Aqueous Solvent Cleaning with TPM 



07/08/2003, EAST Version: 1.03.0002 



U.S. Patent May 27, 2003 Sheet 3 of 4 US 6,569,252 Bl 



Clean OBJECT 
inTPMTanklO 



Rinse OBJECT 
in Rinse Tank 20 



Pass used rinse water 
through absorbing media 
to remove organics 



Collect water free of 
solvent/organic impurity 
& reuse for rinse 



Regenerate absorbing media 

& reuse for rinse water 
purification 



Re-rinse OBJECT 
in Rinse Tank 30 
(Optional) 



Final water rinse 
Tank #40 



Purify & 
RecycleWater 



FIG. 3 

Semi-Aqueous Solvent Cleaning with TPM 
Reuse of Rinse Water 



07/08/2003, EAST Version: 1.03.0002 



U.S. Patent May 27, 2003 Sheet 4 of 4 US 6,569,252 Bl 



80 
75 
70 

Surface fi( - 
Tension 00 
(dynes/cm) 60 
55 

50 

45 



Surface Tension versus Percent TPM 




4 6 
Percent TPM 



10 



FIG. 4 



R-square = 0.991 
y=61.5-5.21(lnx) 
x = exp((61.5-y)/5.21) 



80 
75 
70 

Surface cc 
Tension 6& 
(dynes/cm) 60 
55 

50 

45 



Surface Tension versus Percent DPM 




4 6 
Percent DPM 



10 



FIG. 5 



R-square = 0.963 
y= 64.5 - 5.07*(ln(x)) 
x = exp((64.5 - y)/5.07) 



07/08/2003, EAST Version: 1.03.0002 



US 6, 

1 

SEMIAQUEOUS SOLVENT CLEANING OF 
PASTE PROCESSING RESIDUE FROM 
SUBSTRATES 



FIELD OF THE INVENTION 

The present invention relates generally to a new apparatus 
and method of semi- aqueous solvent cleaning of paste 
processing residue from substrates. More particularly, the 
invention encompasses an apparatus and a method that 
utilizes a semi-aqueous solvent cleaning method for clean- 
ing of paste residue from screening objects comprising the 
use of at least one propylene-glycol alky-ether solvent. 

BACKGROUND OF THE INVENTION 

In the fabrication of multilayer ceramic (MLC) substrates 
for packaging semiconductor devices, conductive metal 
patterns are screened onto individual ceramic green sheets 
by printing, such as, extrusion printing, which uses metal 
mask, such as, Mo, Ni, or Cu, which are placed in contact 
with the green sheet, or by screen printing, which involves 
paste squeegee using mesh mask or emulsion mask. After 
screening, the green sheets are assembled and aligned, and 
laminated, followed by sintering operation to form multi- 
layer ceramic substrate having internal metallurgy for 
mounting and interconnecting a plurality of integrated cir- 
cuit semiconductor devices. 

For advanced ground rule electronic packaging structures 
requiring to print closely spaced conductive metal patterns 
on a substrate, the screening masks used have highly dense 
fine dimension etched features. Under certain conditions 
such screening masks may have the problem of paste residue 
entrapment in the mask features in addition to a surface 
residue when the paste is screened to deposit conductive 
pattern on green sheets. This requires that the metal mask be 
cleaned after one or more screening passes to eliminate/ 
minimize the possibility of defects in a subsequently 
screened pattern. Any defects in the screened paste pattern 
replicates into the final product causing yield loss. 

Conductive pastes used in screening processes for delin- 
eation of wiring and/or via metallurgy, and I/O pad (input- 
output) patterns comprise metal particles dispersed in an 
organic binder and solvent vehicle along with wetting 
agents, dispersants/surfactants, plasticizers, and other 
additives, such as, thickening agents, antioxidants, and col- 
oring agents which are all well known in the fabrication of 
electronic components. 

Most commonly used conductive pastes in multilayer 
ceramic fabrication are based on molybdenum or tungsten 
metal powder dispersed in an organic polymer binder, such 
as, for example, ethyl cellulose, poly methyl methacrylate, 
and the like, or poly-hydrocarbon based thermoplastic resins 
dissolved in a high boiling solvent system. 

Conductive pastes that are typically used for screening 
processes in multilayer ceramic comprise molybdenum, 
copper, tungsten, nickel, gold, tin, and the like. Because of 
the variety and complex chemical make-up of metal/ 
polymer composite pastes, it is required that the mask 
cleaning medium and process selected be such that it pro- 
vides complete and efficient cleaning of all types of pastes 
from screening masks and associated equipment, such as, 
extrusion heads or paste nozzles, etc. 

Solder pastes commonly used in electronic assembly 
processes for interconnections constitute eutectic alloys, 
specifically, Pb — Sn, Bi — Sn, In — Sn, and related powder 
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alloys dispersed in an organic carrier. Solder paste applica- 
tion onto substrates for component attachment is done by 
screen printing through a screen stencil, for example, stain- 
less steel stencil, or by the dispense method. Various solder 

5 paste formulations constitute a eutectic alloy dispersed in an 
organic carrier, for example, a solvent, rheology modifier, 
fluxing agent, such as, rosin based flux. It is important to 
clean solder paste residue from metal mask stencils, espe- 
cially in the case of ultra-fine pitch BGA (Ball Grid Array) 

10 attachment to assure defect-free printing on substrate metal 
pads and thus eliminate solder defects. 

Traditionally used cleaning solvents for cleaning/ 
degreasing purposes in many industrial and consumer prod- 
uct applications include aromatic hydrocarbons, chlorinated 

!5 solvents, typically, 1 ,1 ,2-trichloroethy lene , 
perchloroethylene, methylene chloride, and fluorochlorocar- 
bons as CFC-113, and CFC-112. The chlorinated solvents 
were especially preferred because they are non-flammable, 
i.e., have no flash point, and are highly effective solvents. 

20 Because of the environmental and health issues associated 
with the use halogenated hydrocarbon solvents in production 
processes, there has been major focus in the past decade to 
introduce environmentally safer/acceptable organic solvent 
alternatives, and water-based cleaning formulations. 

25 Recently, ultrasonic and spray cleaning equipment for water- 
based cleaning chemistry have become commercially avail- 
able and several detergent compositions have been described 
in the patent literature for cleaning/degreasing purposes. 
These compositions are used, for example, for cleaning 

30 printed circuit board assemblies and other parts in device 
fabrication to remove soldering flux, oil/grease, and other 
organic residues invariably formed during bonding and 
assembly processes in microelectronics. These compositions 
are generally based on a combination of surfactants in water 

35 and/or alkaline detergent compositions, comprising alkali 
metal salts, such as, sodium metasilicate, sodium carbonate, 
tribasic sodium phosphate, sodium tripolyphosphate, and 
combinations thereof, as well as, highly alkaline solutions 
based on alkali metal salts, alkali metal hydroxides, and 

40 mixture thereof with alkanol amines. Aqueous cleaner for- 
mulations comprising this category of alkali metal carbonate 
and bicarbonate salts are utilized with an alkali metal 
silicate, as described in U.S. Pat. No. 5,234,506 (Winston), 
for the removal of solder flux, oils, waxes, and greasy 

45 substances, adhesives and other residues from electronic 
circuit assemblies, such as, printed circuit or printed wiring 
boards during their fabrication. 

Alternate organic solvent cleaning methods are based on 
the use of low boiling alcohol, ketone, or ester solvents, for 

50 example, isopropyl alcohol (IPA), acetone, n-butylacetate, 
methyl ethyl ketone (MEK), and aromatic hydrocarbons, 
specifically xylene. These solvents have safety and environ- 
mental issues due to their low boiling points, high 
flanmmability, volatile emissions and VOC (Volatile 

55 Organic Compound) regulations, and thus are considered 
undesirable for production processes. Various aqueous 
cleaning alternatives designed for saponification 
mechanism, on the other hand, generally have a high pH 
(> 11-13) detergent formulations. High pH aqueous cleaners 

60 have associated safety issues which require special handling 
and costly equipment designs to assure protection against 
any accidental contact exposure. With alkaline aqueous 
cleaners comprising alkali metal salts, for example, 
phosphates, silicates, hydroxides, and surface active agents, 

65 there is also an issue of wastewater management for com- 
pliance with the Clean Water Act regulations which require 
that all possible sources of aquatic toxicity and other envi- 
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ronmentally undesirable constituents be removed from the 
effluent before discharge to surface waters. This requires 
special and costly wastewater treatments involving precipi- 
tation with complexing agents to form sludge that carries 
active ingredients of cleaning compositions, metals, and 
other dissolved constituents resulting in solids loading to the 
waste. To minimize waste and reduce cost with conservation 
of water in aqueous cleaning, there is currently significant 
industry direction toward environmentally suitable zero 
waste processes by devising methodology for reclamation, 
recycling, and reuse. 

PURPOSES AND SUMMARY OF THE 
INVENTION 

The invention is a novel method and an apparatus for 
semi-aqueous solvent cleaning of paste processing residue 
from substrates. 

This invention basically is a semi-aqueous method of 
cleaning polymer/metal composite paste residue from 
screening masks/stencils and paste processing equipment in 
the production of multilayer ceramic substrates, organic chip 
carriers and cards, and of composite solder paste application 
in electronic circuit assembly. The method according to this 
invention involves a cleaning cycle using a high boiling, low 
vapor pressure, and substantially water soluble solvent, 
specifically, a propylene -glycol alkyl-ether solvent followed 
by a first water rinse to remove the cleaning solvent carry- 
over on the substrate from the cleaning tank, a second water 
dip/rinse (optional) to remove last traces of organic 
contaminants, if any, and then a final thorough water rinse 
and drying operation. 

Therefore, one purpose of this invention is to provide an 
apparatus and a method that will help clean polymer/metal 
composite paste residue from a substrate. 

Another purpose of this invention is to provide for a 
non-hazardous, low cost, cleaning option for paste residue 
from substrates. 

Still another purpose of this invention is to have a 
semi-aqueous cleaning method for removing paste screening 
residue from screening equipment. 

Yet another purpose of this invention is to provide a 
non-alkaline semi- aqueous water-based cleaning method for 
paste screening and paste processing equipment as a supe- 
rior alternative to chlorinated solvents, volatile organic 
solvents and alkaline aqueous cleaning compositions in 
multilayer ceramic manufacturing and in microelectronic 
assembly processes. 

Another purpose of this invention is to provide a semi- 
aqueous cleaning method for cleaning screens/stencils and 
paste processing parts by using high boiling propylene- 
glycol alkyl-ether solvents as a replacement of volatile 
organic solvents and aqueous alkaline cleaning to eliminate 
chemical safety concerns, volatile emissions and hazardous 
waste. 

Yet another purpose of this invention is to provide a 
method for cleaning of paste residue from substrates using 
a high boiling organic solvent for the cleaning solvent 
without adding water or other additives such as surface 
active agents or other adjuvants such that the solvent can be 
easily recovered and recycled. 

Still another purpose of this invention is to provide a 
semi-aqueous alternative to flammable solvents and aqueous 
alkaline cleaning compositions in cleaning screening paste 
residue and solder paste residue from substrates in micro- 
electronic fabrication using a propylene -glycol alkyl-ether 
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solvent that is effective in removing polar, non-polar, or 
hydrophilic and hydrophobic paste residue from metal and 
plastic surfaces. 

It is also the purpose of this invention to provide a 

5 solvent-based semi -aqueous cleaning method for screening 
masks/stencils and paste processing equipment which does 
not require special wastewater treatment. 

Yet another purpose of this invention is to provide a 
semi-aqueous cleaning method for paste screening masks 

10 which allows easy removal of washed-off metal by filtration 
and solvent recovery, for example, by distillation from the 
waste liquid and provides benefit of waste minimization. 

Still another purpose of this invention is to provide a 
semi-aqueous cleaning method using a high boiling 

15 propylene-glycol alkyl-ether solvent that is compatible with 
metal masks, emulsion masks, electronic components and 
polymer adhesives used in assembly processes, and all 
contacting materials in the cleaning equipment. 

Still yet another purpose of this invention is to provide a 

20 semi-aqueous cleaning method with an organic solvent 
which is non-flammable high boiling Class-Ill combustible, 
(flash point of greater than about 140° F.), preferably Class- 
IIIB combustible, (flash point of greater than about 200° F.), 
non-corrosive, and has no contact hazard concerns. 

25 

Therefore, the inventors are disclosing a first invention 
which comprises a semi-aqueous solvent cleaning method 
for cleaning of paste residue from at least one object 
comprising the use of at least one propylene-glycol alky- 
3Q ether solvent. 

The inventors are disclosing a second invention which 
comprises a method for cleaning paste residue from at least 
one object, comprising the steps of: 

(a) Pre-heating propylene -glycol alkyl-ether solvent in a 
35 tank having at least one ultrasonic bath at between 

about 45 to about 80° C, 

(b) Immersing said paste residue carrying object in said 
preheated solvent and subjecting said object to ultra- 
sonic agitation for between about 1 to about 10 min, 

40 and 

(c) Transferring said object to a tank having preheated 
water at between about 45 to about 70° C, and sub- 
jecting said object to at least one immersion spray 
and/or ultrasonic agitation, and thereby cleaning said 

45 paste residue from said at least one object. 

The inventors are disclosing a third invention which 
comprises an apparatus for cleaning paste residue from at 
least one object, comprising: 

(a) at least one tank containing at least one pre -heated 
50 propylene -glycol alkyl-ether solvent in said tank, 

wherein temperature of said solvent in said is between 
about 45 to about 80° C, and wherein said tank further 
having at least one ultrasonic agitator, 

(b) at least one means for immersing said paste residue 
55 carrying object in said pre-heated solvent and subject- 
ing said object to ultrasonic agitation for between about 
to about 10 min, and 

(c) at least one means for transferring said object to a tank 
having preheated water at between about 45 to about 

60 70° c., and subjecting said object to at least one 
immersion spray and/or ultrasonic agitation, and 
thereby cleaning said paste residue from said at least 
one object. 

65 BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth with 
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particularity in the appended claims. The drawings are for match of paste shrinkage with that of ceramic, and overall 

illustration purposes only and are not drawn to, scale. compatibility of the paste with green sheet materials for the 

Furthermore, like numbers represent like features in the necessary wettability and adhesion, 

drawings. The invention itself, however, both as to organi- The screening masks used in the semiconductor industry 

zation and method of operation, may best be understood by 5 are typically made of metal, such as, etched Mo mask, Cu/Ni 

reference to the detailed description which follows taken in electroform mask and emulsion masks for silk screening, 

conjunction with the accompanying drawings in which: sucn as> f or example, stainless steel mesh with at least one 

FT G. 1, is a representative drawing showing the apparatus photoresist coating of a suitable emulsion, such as, the 

assembly for the semi-aqueous cleaning process using this polyacry lie-polyester based emulsion coatings, 

invention. 10 The present invention provides a semi-aqueous cleaning 

FIG, 2, is a block diagram showing one preferred mode of method for mask cleaning with high boiling and partially or 

carrying out this invention. completely water soluble organic solvent, preferably, tri- 

FIG. 3, is a block diagram showing another preferred popyleneglycol methyl ether (TPM), as an environmentally 

mode of carrying out this invention. safer, non-corrosive, and non-hazardous alternative to chlo- 

FIGS. 4 and 5, illustrate the calibration data in Tables 1 15 ™ated solvents and flammable solvents, and high pH aque- 

and 2, respectively, with graphical representation. ous cleaners for effective cleaning of polymer/metal com- 
posite paste residue from screening equipment used in 

DETAILED DESCRIPTION OF THE multilayer ceramic manufacturing, and solder paste residue 

INVENTION on applicators used in component attachment for electronic 

This invention relates to cleaning of objects that relate to circuit assembly, 

semiconductor fabrication processes, such as, for example, The semi-aqueous cleaning method disclosed here 

conductive paste screening in the production of multilayer employs completely or partially water soluble propylene- 

ceramic substrates or organic chip carriers and cards, and glycol alkyl-ethers, preferably without additives. This also 

composite solder paste by stencil printing in electronic 25 has the special advantage of providing a non-corrosive, 

circuit assembly. This invention is concerned with non-flammable and non-volatile solvent cleaning, 

removing, for example, a metal/polymer composite paste Furthermore, the solvent, the rinse water, and the paste 

from screening masks and associated paste making and solids can easily be recovered and recycled, thus minimizing 

processing equipment used in printing conductive metal waste, reducing water consumption, eliminating the need for 

pattern onto ceramic green sheets in the fabrication of 30 costly waste treatment, and providing an environmentally 

semiconductor packaging substrates. This invention is also favorable industrial cleaning option and overall reduction in 

concerned with the cleaning of solder paste from stencil cost and waste. 

printing equipment used in electronic module assembly, for Now referring to the figures, FIG. 1, illustrates the sche- 

example, in surface mount technology for SMT discretes as matics of the cleaning apparatus assembly 100, and the 

capacitors and resistors joining on chip carrier, solder col- 35 sequence of process steps for practicing this invention, The 

umn attachment, and BGA(Ball Grid Array) attachment on cleaning apparatus assembly 100, basically comprises of at 

ceramic chip carrier or for screening solder paste onto least one XYZ robot 50, having at least one robotic arm 75. 

printed circuit board. More particularly, this invention is The robotic arm 75, picks-up the object 25, to be cleaned 

concerned with cleaning of paste residue from metal, from a loading area and moves it initially into a tank 10, 

ceramic, and plastic substrates by a non-alkaline semi- 40 having an organic cleaning solvent 12, of this invention. One 

aqueous cleaning method employing high boiling solvents could also have a plurality of cleaning tanks, e.g., tanks 20, 

which are partially or completely water soluble, particularly, 30, 40, containing cleaning fluids 22, 32, 42, respectively, 

propylene glycol alkyl ether solvents and thus can be rinsed The cleaning apparatus assembly 100, can also have a drying 

off with water following the cleaning cycle, station 60, and an unload station 80, to unload the cleaned 

Manufacture of semiconductor packaging products, such 45 object 25, from the robotic arm 75. 

as, multilayer ceramic (MLC) substrates, typically employs After the robotic arm 75, picks-up the object 25, to be 

the technique of conductive pattern screening on ceramic cleaned, such as, a substrate 25, having paste residue, the 

green sheet through a stencil mask using a variety of substrate 25, carrying paste residue is immersed in tank 10, 

polymer-metal composite pastes to delineate a conductive which contains the cleaning solvent 12, preferably a dipro- 

pattern for the desired circuitry. In this process, some paste 50 pylene glycol methyl ether 12, or tripropylene glycol methyl 

residue is left behind on the surface and inside the fine ether 12, or a mixture thereof 12, which has been pre -heated 

etched features of the mask. The residue entrapped in the at between about 45 to about 80° C, preferably, between 

mask features, and on the surface of the mask must be about 50 to about 70° C, and equipped with ultrasonic or 

removed before the mask can be reused. This involves immersion spray or combination of ultrasonic and spray 

cleaning after one or more screening passes, depending on 55 modes of agitation. The paste residue from the substrate 25, 

whether the paste is fast drying or slow drying, otherwise the is removed by agitation in the solvent 12, for a predeter- 

paste residue can cause defects in a subsequently screened mined time, preferably between about 1 to about 10 min, 

conductive pattern. A particular combination of a polar depending on the paste chemistry and the extent of residue 

and/or non-polar polymer binder and solvent vehicle system deposit. The substrate 25, is then transferred to the tank 20, 

selected for dispersing metal filler determines the solubility 60 which contains water 22, preferably deionized water 22, and 

and wettability characteristics of the resulting paste which which is preferably preheated at between about 45 to about 

may range from hydrophilic to highly hydrophobic and 70° C, to substantially remove the solvent carry-over from 

which may be fast drying or slow drying. the cleaning tank (tank 10). The substrate 25, is then 

Selection of conductive screening pastes that are based on transported to tank 30, contains water 32, for a second 

a variety of polymer binder-solvent vehicle systems is 65 (optional) water rinse to remove last traces of the organic 

dictated by several considerations, viz, requirement for a solvent. The substrate 25, can then be subjected to a final 

particular circuit pattern, drying characteristics of the paste, thorough water rinse in tank 40, where the rinse water 42, 
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can be drain discharged or recycled, as it is essentially free dipropyleneglycol monomethylether (DPM), and mixture 

of any organic or inorganic contaminants. The cleaned and thereof, and related materials to provide an environmentally 

rinsed substrate 25, is finally dried at station 60, for example, favorable alternative to chlorinated solvents, and flammable 

by forced hot air or N2, and unloaded at station 80, for solvents, and high pH aqueous alkaline cleaners, 

further processing. 5 Unlike high pH aqueous cleaning compositions, the semi- 

FIG. 2, is a block diagram showing one preferred mode of *<i™™ s cl f nin S I ? f ! thod fading to this invention has no 

carrying out this invention. In this embodiment of the problem of corrosmty and contact hazard issues, and pro- 

' . .„ , t . . 1 *u a i * C4 vides option for recovery and recycle of solvent as well as 

invention, as illustrated in FIG. 2, the used solvent after . *\ ... r j o • i • 

. . ' . . - . ' i . , * rinse water which can be reused. Semi-aqueous cleaning 

cleaning paste residue from a single or multiple substrates me(hod usj mgn boi]ing> partiall y or completely water 

sequentially or in parallel with a di- or tn-propylene glycol 10 so , uWe plotylene .^ ycol a ik y i. e ther solvents according to 

alkyl ether, is filtered or centnfuged to remove washed-off , hjs mventioll provides unique advan tag es of efficient 

paste solids which include metals, inorgamcs, and insoluble remova] of te resjdue ftom mM and las(ic substrates . 

organic solvents. The filtrate can be reused for cleaning paste ^ ako a]lows easy recovery and recycling of foe cleaning 

residue till the cleaning effectiveness remains essentially so , vent and of rinse water> ^ well as reclamation of paste 

unaffected, and it is replaced with fresh solvent when the 15 

cleaning performance decades The solvent can also be ^ one u ^ commercial cleani 
recovered/reclaimed from the solids-free filtrate by distilla- ui / to ca OTt this ^Jon. However, it is pre- 
tion and the recovered pure solvent can be reused/recycled. ^ equipment has ultrasonic cleaners with stain- 
However, the delation residue can be disposed-off as ^ ^ ^ ^ ^ h frequencies 
waste. The metal solids collected by filtration or centriru- *> ^ ^ ^ 

gation can also be reclaimed by commonly knows methods modes ^ multi . Unks for separate cleaningj rinsing and 

or these can be disposed off. drying gteps ft fa preferred mal me equipmen t be equipped 

The first water rinse (tank 20) can be used multiple times ^ th re - c irculation pumps, filter for continuous or intermit- 

during which the carry-over solvent continues to build up, tent rem0 val of particulate, and ultra-filtration unit to allow 

the relative concentration of carried-over solvent in water is reuse of the c i eamng solvent, as well as, a water treatment 

monitored by periodic measurement of surface tension. The systems, such that both the cleaning medium and the rinse 

same rinse bath can be continued to be used until its surface water can be recycled. 

tension reaches about 50 dynes/cm which corresponds to ^ mvention also provides an improved method to 

about 7% tri-propylene-glycol methyl-ether (TPM) in water. ^ remQVe paste residue from screening equipment 

Table 1, shows the data for measured surface tension at m tne produc tion of multilayer ceramic (MLC), and solder 
known concentration for correlation of TPM concentration pas te applicators used in component attachment/ 
in water with surface tension of the mixture, and Table 2, interconnections for module assembly. The screening pastes 
shows similar correlation of DPM concentration in water used fa mlc for defining via and wiring metallurgy pattern 
with surface tension. FIGS. 4 and 5, are graphical represen- 35 on ceramic green sheet and are comprised of metal filler of 
tation of the data given in Tables 1 and 2, respectively. A me type, molybdenum, copper, tungsten, nickel, gold, silver, 
second water rinse can optionally included to remove last somc G f wn ich may also contain inorganic fillers as glass, 
traces of organic solvent, and finally the final thorough water ceramic powder, or glass frit, dispersed in an organic poly- 
rinse (tank 40) and hot air or N 2 dry. The final rinse water mer binder and a high boiling organic solvent vehicle along 
is essentially free of organic or inorganic impurities and thus 4Q w [ m other necessary additives which include sufactants/ 
can be drain discharged or can be reused as it would require dispersants, coloring agents, thickening agents or rheology 
no prior treatment. modifiers, and antioxidants etc. Representative polymer 

FIG. 3, illustrates a block diagram showing another binder systems in conductive paste formulations for multi- 
preferred mode of carrying out this invention. This mode of layer ceramic include: cellulosic polymers such as ethyl 
practicing the invention provides reduction in waste, 45 cellulose, cellulose acetate butyrate, alkyl methacrylate 
reduced solvent consumption, reduced water consumption, polymers such as poly(methyl methacrylate), poly(ethyl 
and reduced material cost. methacrylate), hydrocarbon polymers based thermoplastic 

The first water rinse (tank 20) containing dissolved sol- resins which are all hydrophobic, or the binder can be 
vent due to solvent carry-over from tank 10, can also be hydrophilic such as hydroxy ethyl cellulose, hydroxypropyl 
gotten rid of organics by passing through an absorbing 50 cellulose, hydroxymethyl cellulose, and the like, 
medium, for example, activated charcoal bed to remove High boiling solvent vehicles having low evaporation 
organics and reused, or it can be separately disposed off in rates that are preferred for polymer/filler conductive paste 
compliance with the wastewater disposal regulations for dispersions include ester-alcohol or glycol-ether type sol- 
organic solvent contaminated water. This mode of practicing vents such as 2,2,4-trimethylpentane diol, 1,3, monoisobu- 
the invention has the benefit of further reducing waste and 55 tyrate (Texanol), diethylene glycol monomethylether 
reducing material and process cost. acetate, diethylene glycol monobutylether acetate or butyl 

The primary application for this invention would be in the carbitol acetate (BCA), and the like. Generally, the solid 
removal of paste residue from screening masks/stencils and component in screenable pastes comprises 70-85 percent 
ancillary equipment used in screening conductive paste (wt. %) metal filler, 1-5 percent of organic polymer binder 
patterns on ceramic green sheets in the manufacture of 60 and other organic additives, and the balance constituting the 
multilayer ceramic substrates and in cleaning solder paste solvent vehicle system. Depending on a particular binder- 
applicators in electronic component assembly processes. solvent system used in paste formulation, the paste can be 
This invention is particularly concerned with removing polar or non-polar, hydrophilic or oleophilic, having differ- 
polymer/metal composite paste residue from paste screening ences in affinity and adhesive characteristics for the mask 
or paste dispensing equipment using high boiling organic 65 surface in addition to having differences in drying rate, 
solvent, particularly, propylene glycol alkyl ethers, for According to this invention, it has been found that 
example, trip ropy leneglycol monomethylether (TPM), polymer/metal composite paste residue left on screening 
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masks and paste making and dispensing equipment in the 
process of conductive pattern screening on green sheet can 
be readily removed with partially or completely water 
soluble di- or tri-propylene-glycol alkyl-ethers by ultrasonic 
agitation at between about 45 to about 70° C, followed by s 
a first water rinse to remove the carried-over solvent, an 
optional second water rinse, and the final water rinse, and 
finally drying the cleaned substrate according to the standard 
practice. The first water rinse can be simply a brief dip, 
during which the solvent displacement by water can be aided 10 
by mechanical agitation, for example, stirring, ultrasonic 
agitation, or spray. A similar method of cleaning is found 
effective for removing solder paste residue from paste 
applicators in component attachment in circuit assembly, for 
example, stainless steel stencils and dispensing equipment. 15 
In one embodiment of this invention, Mo metal masks or 
metal electroform masks, carrying conductive paste residue 
from a screening pass are submerged in an ultrasonic bath 
containing tripropylene glycol methyl ether (TPM) at 
between about 50 to about 70° C, and ultrasonics turned-on 20 
for between about 1 to about 5 min., when the residue is 
essentially completely washed off from the mask surface as 
well as from the fine etched features. 

Subsequent to paste removal with TPM, masks are raised 
above the liquid to allow solvent drip for a few seconds, and 25 
then immediately transferred to the adjacent water rinse 
tank, preferably equipped for some form of agitation for few 
seconds, then an optional second water rinse for a few 
seconds to remove any residual solvent, followed by the 
final spray or ultrasonic rinse with copious amount of water 30 
and finally drying with forced air, preferably hot air or N 2 . 
In another embodiment of this invention, paste residue from 
screening and paste application equipment can be removed 
by spray cleaning using single nozzle or multi-nozzle spray 
gun but the ultrasonic cleaning is a preferred mode of 35 
cleaning with according to this invention due to solvent mist 
issues with organic solvent spray mode. The semi-aqueous 
method of cleaning disclosed herein effectively and effi- 
ciently removes all types of paste residues that may include 
polar, non-polar, hydrophilic, and hydrophobic type of 40 
screening and solder pastes from masks/stencils, typically 
Mo metal masks, metal electroform masks, stainless steel 
screens, and emulsion masks, solder paste applicators, 
which is free of environmental and safety issues, with no 
problem of metal corrosion, contact hazard, and flammabil- 45 
ity. 

Representative candidates in propylene-glycol alkyl-ether 
category that can be used in the semi-aqueous cleaning 
method according to this invention are illustrated by the 
following chemistry: 50 

RO — | — CH 2 — CH(CH 3 ) — O — \, — H 

where: 

R=CH 3 , n=2: Dipropyleneglycol methylether(DPM), 55 
R=CH 3 , n=3: Tripropyleneglycol methylether (TPM), 
R=C 2 H 5 , n=2 or 3: Di- or Tripropyleneglycol ethylether, 
R~C 3 H 7 , n=2 or 3: Di- or Tripropyleneglycol 
isopropylether, 

R=C 4 H 9 , n=2: Dipropyleneglycol n-butylether (DPnB), 60 
R=*C 4 H 9 , n=3: Tripropyleneglycol n-butylether (TPnB), 
R=Methyl, n=x: Polypropyleneglycol methylether 
(PPM), and 

R-n -Butyl, n-x: Polypropyleneglycol butylether. 65 
These can be used as single solvents, solvent blends with 
propylene-glycol alkyl-ether and/or propylene -glycol 
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solvents, for example, dipropylene glycol, tripropylene 
glycol, and mixtures thereof, and in combination with sur- 
factants including ionic, non-ionic, amphoteric surfactants, 
or combinations thereof, such that the cleaning solvent or a 
mixture of solvents still remains water soluble and this can 
be completely rinsed off during the water rinse cycle. 

Among these candidates, the methyl-ether solvents, DPM 
and TPM are essentially completely water soluble while the 
isopropyl ether solvents are sparingly soluble and the DPnB 
and TPnB are essentially insoluble in water. It is found that 
a single solvent, for example, DPM or TPM or mixture 
thereof, without any surface tension lowering additives are 
effective in cleaning paste residue on screening masks and 
paste processing equipment used in ceramic substrate pro- 
duction and in electronic circuit assembly. For removing 
highly hydrophobic paste residue from metal and plastic 
surfaces, tripropylene glycol butyl ether (TPnB) or dipro- 
pylene glycol butyl ether (DPnB) can be blended with TPM 
up to 20% by volume, and optionally adding a surfactant, 
was found effective when processed according to the semi- 
aqueous cleaning method according to this invention. 

Tri-propylene-glycol methyl-ether (TPM) is a preferred 
organic solvent for the semi- aqueous cleaning method dis- 
closed herein for polymer/metal composite paste residue 
removal but other related commonly known propylene gly- 
col alkyl ethers that may also be used: di-propylene-glycol 
methyl-ether (DPM), tri-propylene-glycol butyl-ether 
(TPnB) or other propylene-glycol alkyl-ether solvents in 
combination with TPM so long as the mixed solvent system 
remains readily rinsable with water. 

According to the preferred embodiments of this invention, 
the propylene-glycol alkyl-ether solvent used in the semi- 
aqueous has the following essential characteristics: 
Surface tension is less than about 40 dynes/cm 
Non-corrosive, no contact hazard concerns 
High boiling with flash point, above about 140° F. 
Low VOC (Volatile Organic Compound) potential 
Non-ODS (Ozone Depleting substance) 
Partially or completely soluble in water 
No detrimental effect on metal and plastic parts 
Compatible with solvent recovery and recycling 
Option for reclamation of paste metal solids 
Suitable for production or laboratory operations 
Can be used in conjunction with surfactants/additives. 
Tripropyleneglycol (TPM), a preferred solvent, has the 
following relevant physical properties: 

Boiling point of about 243° C; Flash point of about 121° 
C. (250° K); and vapor pressure of about 25° C. at about 0.01 
mm Hg. 

The overall process involves ultrasonic or pressure spray 
cleaning of paste residue carrying substrates with a propy- 
lene glycol alkyl ether solvent which is followed by the first 
water rinse to replace the solvent on the surface of substrate 
with water, an optional second water rinse to remove any 
residual solvent, and then the final water rinse and hot air dry 
operations to provide clean and dry substrates for use in 
subsequent screening cycle. Cleaning Solvent bath life, i.e., 
number of cleaning cycles in the same liquid bath before 
solvent replacement depends on the frequency of use, type 
and number of parts being cleaned in one cycle and the total 
amount of paste residue removed per cycle. 

The waste solvent from the cleaning process described 
herein contains soluble and insoluble paste constituents 
primarily metal and inorganic solids and dissolved paste 
organics. It has been found that the metal and inorganic 
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solids in the wash separate out in a readily filtrable form 
which can be removed by filtration or by first centrifuging 
followed by filtration. The filtered solvent contains dis- 
solved organic constituents of the paste residue removed 
along with dissolved metals. As shown in FIG. 2, the 
solids- free solvent can be micro-filtered or passed through 
absorbing media, for example, activated charcoal, and 
reused at least once again to clean paste residue from 
screening masks and paste processing equipment. 
Alternatively, the waste solvent after solids removal can be 
subjected to distillation to recover essentially pure solvent 
which can be reused for cleaning, thus providing waste 
minimization, and material cost reduction. 

The rinse water from the first rinse operation contains 
varying level of the cleaning solvent due to its carry-over 
from the cleaning bath, the relative wt % of which e.g., 
TPM, can be obtained by monitoring the surface tension 
which decreases as the amount of the solvent carry-over 
increases, for example, as TPM increases as shown in the 
calibration data in Tables 1 and 2, with graphical represen- 
tation in FIGS. 4 and 5, respectively. It is found that the first 
water rinse bath can be continued to be used till the surface 
tension comes down to about 50 dynes/cm which corre- 
sponds to about 7 wt % TPM (calculated from the surface - 
tension/TPM concentration correlation shown in FIG. 4.) 
dissolved in water at which time, the used rinse water is 
replaced by fresh water. The semi-aqueous cleaning method 
for paste residue removal disclosed herein offers a major 
benefit such that it presents no safety issues, no corrosion 
and contact hazard concerns, relatively easy recycling of 30 
solvent because no or minimum amount of other additives, 
and rinse water, and thus allows reduced consumption of 
organic solvent, waste minimization, economic benefit, and 
water conservation. With the recycling of cleaning solvent 
and rinse water after purification, the semi-aqueous cleaning 
method disclosed herein has the potential for a close-loop 
system where the cleaning solvent as well as the rinse water 
are recovered and recycled. This is in contrast to cleaning 
with chlorinated solvents in addition to the environmentally 
hazardous volatile emission issues, the solids are disposed- 
off as hazardous waste which goes for landfill or it is 
incinerated. 
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TABLE 1 



Percent DPM 


Surface Tension 


in Water 


(dynes/cm) 


0 


77.6 


0.5 


64.5 


1 


61.8 


3 


56.4 


4 


54.8 


5 


53.4 


6 


52.3 


7 


50.9 


10 


48.9 


Pure TPM 


32.5 



45 



50 



TABLE 2 



Percent DPM 
in Water 



Surface Tension 
(dynes/cm) 



0 

0.1 
0.3 
0.5 
1 



75.9 
73.5 
70.8 
68.7 
66.5 
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TABLE 2-continued 



Percent DPM 


Surface Tension 


in Water 


(dynes/cm) 


3 


58.8 


5 


57.4 


7 


53.8 


10 


50.9 


Pure DPM 


32.1 



60 



The mask cleaning method using TPM and related sol- 
vents also has several advantages over the muliti-component 
aqueous alkaline solutions of prior art comprising alkali 
metal silicates, phosphates, and surfactants. Specifically, 
such ingredients in the commonly known aqueous detergent 
compositions have environmental issues, require costly, 
waste generating sludge forming wastewater treatment, and 
are not compatible with recovery from the effluent. These 
methods require the use of coagulants and flocculanis, 
typically lime precipitation as Alum and iron salts, or PACLs 
(polyaluminum chloride), organic poly-electrolytes etc, to 
precipitate silicates, phosphates, and other suspended matter 
from wastewater which adds to solids loading of the waste. 
The 'sludge' or precipitated solids has associated disposal 
issues of landfill limitation, disposal cost, and if there is any 
heavy metal contamination, it becomes hazardous waste 
requiring higher cost of waste disposal. 

Representative applications of the disclosed method are in 
the area of ceramic manufacturing, conductive paste 
screening, solder paste stencil printing for SMT, ultra fine 
pitch BGA, assembly solder paste applicators, and thermal 
paste cleaning. 

The propylene-glycol alkyl -ether solvent of this invention 
would be a direct replacement of chlorinated hydrocarbon 
solvents, such as, perchloroethylene, aromatic hydrocarbon 
solvents, such as, xylene, and alcohol and ketone solvents, 
such as, methanol, ethanol, isopropanol, methyl ethyl 
ketone. 

As stated earlier this invention allows the cleaning of 
screening masks and associated equipment by a semi- 
aqueous cleaning method employing a high boiling, low 
vapor pressure, substantially water soluble organic solvent 
to remove conductive paste residue in ceramic substrate 
manufacturing technology. 

Similarly, this invention teaches the cleaning of paste 
residues in electronic circuit assembly, for example, solder 
paste stencil printing, solder paste application/dispensing for 
SMT, and ultra fine pitch BGA assembly, with a semi- 
aqueous cleaning method employing a high boiling, low 
vapor pressure, substantially water soluble organic solvent 
to remove conductive paste residue from solder paste appli- 
cators. 

EXAMPLE 

Various aspects of the present invention are further illus- 
trated by referring to the following example which is 
intended only to further illustrate the invention and is not 
intended to limit the scope of the invention in any manner. 

Example 1 

Molybdenum metal masks having fine pitch etched fea- 
tures for via and wiring metallurgical patterns, and for I/O 
pads, suitable for multi-layer ceramic substrates were used 
for screening conductive pastes onto ceramic green sheet 
with a paste screening tool. Various conductive pastes used 
for screening in ceramic technology generally comprise of 
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metal filler as the predominant component in a polymer immersing said object in a solvent consisting of at least 

binder-solvent system. Representative pastes screened onto one dip ropy lene glycol alkyl ether and at least one 

green sheets using the metal masks contained between about tripropylene glycol alkyl ether; and 

70 to about 85 percent metal powder filler, typically rinsing said object in water, thereby cleaning said paste 

Molybdenum, Copper, Tungsten, and Nickel, in ethyl eel- S from said object; 

lulose type polymer binders and a high boiling polar wherein said object is selected from a group consisting of 

solvents, for example, 2,2,4-trimethylpentane diol 1,3- screening mask, paste processing parts used in the 

monoisobutyrate, or diethylene glycol alkyl ether acetate in production of ceramic substrates or plastic substrates, 

conjunction with fatty acid ester based surfactant, thickening screen stencils, stencil printing equipment, paste dis- 

agents, and other additives like antioxidants, coloring 10 pense equipment, paste making equipment, paste pro- 

agents, corrosion inhibitors, etc. Also tested were non-polar cessing equipment, metal substrate, ceramic substrate 

conductive pastes based on low molecular weight thermo- and plastic substrate. 

plastic resins derived from petroleum hydrocarbons as the 2. The method of claim 1, wherein said at least one 

binder in place of cellulosic binders in combination with dipropylene glycol alkyl ether has a general formula: 

hydrocarbon oil as solvent vehicle. Some of the pastes 15 

tested, in addition to carrying metal powder as the major RO— [— ch 2 — ch(ch 3 >— o— L— h, 

component also contained inorganic fillers such as glass, where R ^ c 2 h 5 , C;j h 7 or C 4 H 9 , and n is 2, and said 

ceramic, A1 2 0 3 — Si0 2 glass-frit. After the paste screening at lea5t one tripropylene glycol alkyl ether has a general 

operation, the masks carrying the paste residue on the formula: 



RO — [ — CH 2 — CH(CH 3 ) — O — L — H, 



surface and inside the etched features were cleaned with 
tripropylene glycol monomethylether (TPM) as described in 

the following examples: where R is CH 3 , C 2 H 5 , C 3 H 7 or C 4 H 9 , and n is 3. 

3. The method of claim 1, wherein said at least one 

Example (A) dipropylene glycol alkyl ether and said at least one tripro- 

Tte solvent 12, was preheated to between about 55 to 25 {^f ? co1 ether m P 4 "" 11 * or «™pletely soluble 

3b0Ut m° 1 C J D I? 6 &St 1^T iC ^ 10 ' aPPara , to H m *™<= method of claim 1, wherein said at least one 

assembly 100, shown in FIG. 1, and the mask 25, mounted . , , n , ' , . , . , . a t . M 

. , . - A i j • ,i * . « dipropylene glycol alkyl ether and said at least one tnpro- 

on a special handler 50. was submerged m the solvent 12, , r , f . ' , 4 , - 

. r. l e TT1 , . tU . pylene glycol alkyl ether are selected from a group consist- 

with XYZ robotic arm 75. Ultrasonics were then turned on K 7 f *? J , J , , _ t • n * . , . 
c . , . — j i_ *. i <-i ,u .30 mg of di-propylene-glycol methylether, tn-propylene-glycol 

for between about 2 and about 3 min or until the paste 6 . , , u a • \ *u t 

, ~ n ~ tU 1 -ic Af* *u methyl-ether, and mixtures thereof. 

residue was removed from all areas of the mask 25. After the . ' ' , F , • + „ , • • , , • , ^ 

, , . . 4 . j * * i in 5. The method of claim 1, wherein said tripropylene 

solvent cleaning, the mask 25, was transported to tank 2U , , „ . . . ^ . , , « m 5 „ ,„ 

,v r c r' e i i j • • j t glycol alkyl ether is tn-propylene-glycol methyl-ether in 

( ^ G ^ f °u fir ' P y i 0,UZe ? Waer fixture with ^-propylene glycol butyl-ether. 

22, with ultrasomc on or other means of mechanical agita- 3J method J ^ b 

tion to accelerate the carry -over solvent displacement with c ... J , M /B11 f rtm r 

^ . t1 t . ; . . . + r ^ a * *u fr° m a group consisting of a polymer/filler composite ot 

water. Optionally, the mask 25, is then transported to the . i . i_- i a i * _ ♦ »u- i 

. . . /V i r ii aug i ♦ At metal, a solvent vehicle and a surfactant/dispersant, thick- 
second rinse tank (tank 30), followed by final water nnse 42, . ' . . ♦ , j ;„k;w;^r 
i An, « j , n ■ Kr . * *• *n emng agent, antioxidant, and corrosion inhibitor, 
m tank 40, and dry by forced hot air or N,, at station 60. _ 6 T f ' , , c , . . . t 

. . r it. i a i j 7. The method of claim 1, wherein said paste is a 

Microscopic inspection of the cleaned masks 25, showed no , . . » ' • • „ « 

K ... ex. 1^* 40 conductive screening paste comprising a metal filler selected 

evidence of paste residue in any area of the masks 25. c • *• r a a \a wj r% _i r\,/KT*. 

^ from a group consisting of Ag, Au, Mo, W, Cu and Cu/Ni; 

Example (B) a ce ^ u l° s i c polymer binder; a solvent carrier; and a dispers- 
ing agent. 

Similar process as discussed in Example 1, was used for 8. The method of claim 1, wherein said paste is a 

cleaning screening paste residue from paste applicators and 45 conductive screening paste having at least one metal filler 

other processing parts/equipment 25, which required up to selected from a group consisting of Pb — Sn, Bi — Sn, 

between about 5 to about 10 min ultrasonic agitation for Pb — In, Ag, Au, Mo, W, Cu and Cu/Ni. 

complete removal of the paste from all areas. The cleaning 9. The method of claim 1, wherein said paste comprises 

process could be accelerated by using ultrasonic with at least one organic binder. 

immersion pressure spray with single or multi-nozzle 50 10. The method of claim 1, wherein said paste is a 

systems, followed by water rinse and drying cycles and polymer/metal composite paste. 

described in Example 1(A). Microscopic inspection of 11. The method of claim 1, wherein said at least one 

cleaned and dried parts 25, showed no evidence of paste dipropylene glycol alkyl ether and said at least one tripro- 

residue in any area of the parts 25. pylene glycol alkyl ether is selected from the group con- 

While the present invention has been particularly 55 sisting of dipropyleneglycol methylether (DPM), tripropy- 

described, in conjunction with a specific preferred leneglycol methylether (TPM), dipropyleneglycol ethylener, 

embodiment, it is evident that many alternatives, modifica- tripropyleneglyeol enegly ether, trproply leneglycol 

tions and variations will be apparent to those skilled in the isopropylether, dipropyleneglycol isopropylether, dipropy- 

art in light of the foregoing description. It is therefore leneglycol n-butylether (DpnB), and tripropyleneglyeol 

contemplated that the appended claims will embrace any 60 n-butylether (TpnB). 

such alternatives, modifications and variations as falling 12. The method of claim 8, wherein said conductive 

within the true scope and spirit of the present invention. screening paste is at least one solder paste comprising 

What is claimed is: Pb — Sn, Bi — Sn or Pb — In alloy as the metal filler, at least 

1. A method for cleaning a conductive or soldering paste one fluxing agent and a solvent, and optionally a polymer 

from at least one object used in the fabrication of semicon- 65 binder. 

ductor packaging substrates, organic chip carriers or cards, 13. A method for cleaning a conductive or soldering paste 

the method comprising the steps of: from at least one object used in the fabrication of semicon- 
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ductor packaging substrates, organic chip carriers or cards, 14. The method of claim 13, wherein in step (c) said 

the method comprising the steps of: object is subjected to said at least one of immersion spray 

(a) pre-heating a solvent consisting of at least one dipro- and ultrasonic agitation, for a time of about 30 sec to about 
pylene glycol alky I ether and at least one tripropylene ^?, se r f, - r . 

glycol alkyl ether in a first tank having at least one s « -The method of claim 13 further comprising, after step 

ultrasonic bath, wherein said solvent is pre-heated to a c )> h f ^^iTl^u ] < from said second tank 

» , 4 Ae 4 , 4 on0 ^ to at least one third tank having water and subjecting said 

temperature of about 45 to about 80 C, objec , t0 a , ^ onc rf spfay and ultra i onic tgita- 

(b) immersing said object in said pre-heated solvent and uon _ 

subjecting said object to ultrasonic agitation for a time 16. The method of claim 13, further comprising the step 

of about 1 to about 10 min, and 0 f filtering said solvent to remove particulate material. 

(c) transferring said object to a second tank having water 17. The method of claim 13, wherein said second tank 
pre-heated to a temperature of about 45 to about 70° C, having water can be used until surface tension exceeds about 
and subjecting said object to at least one of immersiorj 50 dynes/cm. 

spray and ultrasonic agitation, thereby cleaning said J5 18. The method of claim 13, further comprising the step 

paste from said object; of discharging said water from said second tank, 

wherein said object is selected from a group consisting 19. The method of claim 15, wherein said object is 

of screening mask, paste processing parts used in the subjected to at least one of spray rinsing and ultrasonic 

production of ceramic substrates or plastic agitation, for a time of about 30 sec to about 120 sec. 

substrates, screen stencils, stencil printing 2Q 20. The method of claim 16, further comprising the step 

equipment, paste dispense equipment, paste making of distilling said solvent to recover said solvent for reuse, 
equipment, paste processing equipment, metal 

substrate, ceramic substrate and plastic substrate. * * * * * 
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bly greater rate is achieved. 
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compound having at least two adjacent hydroxyl 

METHOD OF ANISOTROPICALLY ETCHING groups and a polar functional group on the ring, an 

SILICON WAFERS AND WAFER ETCHING amine and water. The present invention is also directed 

SOLUTION to the etching solution per se. 

5 In accordance with the invention, an etch rate for 

BACKGROUND OF THE INVENTION (ioo) silicon of about 125-140 j*/hr. has been achieved. 

1. Field of the Invention This rate is» f° r example, more than three times greater 
This invention relates to the etching of silicon, and, than that normally obtained by employing the etching 

more particularly, to the improved anisotropic etching solution of the above-noted Beechko application, 

of single crystal silicon. 10 Moreoever, the etching solution is relatively safe in 

2. Description of the Prior Art manufacturing use and environmentally compatible 
The anisotropic etching of single crystal silicon has with current disposal techniques. 

been carried out for many years in the production of ni3TATI ™ T^cci-orrrrT^xj 
microelectronic devices. An essential feature is that the Ufc 1A1LtdJ l^coCKlr 1 ion 
etching solution etch the (100) crystallographic plane at 15 In the practice of the invention, silicon wafers to be 
an appreciably greater rate than the (110) and (111) etched are preferably immersed in the etching solution, 
planes, producing v-shaped sidewalk at 54.74* from the Preferably, this is carried out at a temperature of about 
(100) surface. Exemplificative of the solutions which 100M25* C, more preferably of about 1 15°-125° C. 
are known in the art are the following: IBM Tech. The actual temperature and time may vary, however, 
Disci. Bull., Vol. 19, No. 9 (February 1977), p. 3623 20 depending upon a number of factors, such as the desired 
discloses a solution for anisotropically etching single etch rate, the geometry being etched, the exact formula- 
crystal silicon, containing ethylene diamine, pyrocate- tion employed, and so forth, as will be apparent to those 
chol and water; and IBM Tech. Disci. Bull., Vol. 19, skinc d in the art. In addition, the pH of the solution 
No. 10 (March 1977), p. 3953 also describes such a preferably ranges from about 11-12 in most situations, 
solution, containing the three ingredients described in 25 ^ nQted above> the etc hi n g solution employed ac- 
the preceding article, but further including hydrogen cor ding to the present invention includes an aromatic 
peroxide. JJ ,„ A .,. , „ t , compound having at least two adjacent hydroxyl 

See also, U.S. Pat. Nos. 4,417,946, issued to Bohlen et ^ a lar functiona i on the ring. Typi- 

* on Nov. 29 1983 and 4 342,817 issued to Bohlen et ^ ^ £ functional 0 is C OOH, S0 2 OH or 

al on Aug. 3, 1982, both of which disclose a method of 30 ^ C0QH prcfcrrcd . Suitable aromatic 

making a mask, employing an etching solution consist- ounds mclude> for examplet ^ following: 

ing of ethylene diamine, pyrocatechol water and op- j^-dihydroxybenzeneO^-disulfonic acid; 

tionally, hydrogen peroxide; and U.S. Pat. Nos. ' . ' , no ^u*uL\^^r nn in q^h. 

4,293,373, issued to Greenwood on Oct. 6, 1981, and ^dihydroxy^-naphthalenesulfonic acid; 

4,229,979, issued to Greenwood on Oct. 28, 1980, both 35 3,4-dihydroxybenzoic acid; 

of which disclose a method of making a silicon trans- H'^T* f° ,C 

ducer which involves etching a boron doped silicon . W,4-trmydroxybenzoic acid; 

wafer, with a solution containing ethylene diamine, 4-mtrocatechoi; ; ana 

pyrocatechol and water. esculetm (6,7-djhydroxycoumann)^ 

Note also, U.S. Pat. No. 3,650,957, issued to Shipley, 40 J* * particularly preferred embodiment, the aromatic 

Jr. et al on Mar. 21, 1972, which discloses a solution for compound is gallic acid. 

etching copper, which includes a source of cupric ions, Any suitable amine compound with a relatively high 

a complexing agent for cupric ions, such as a hydroxy- polarity may be employed m the etching solution of the 

carboxylic acid or an alkanolamine, a source of chloride invention. Suitable amines include, for example, the 

or bromide ions and a solution soluble molybdenum, 45 following: 

tungsten or vanadium compound. The pnmary aliphatic amines including mono-, di- 

U.S. Pat. No. 3,873,203, issued to Stevenson on Mar. and triamines. These amines usually contain 2-8, and 

25, 1975, discloses a mixture for etching silicon, contain- preferably 2-6, carbon atoms such as ethylamine, n- 

ing hydrazine and pyrocatechol. propylamine, n-butylamine, n-amylamine, n-hexyla- 

Further, U.S. Pat No. 3,160,539, issued to Hall et al 50 niine, ethylene diamine, diaminopropane, diaminobu- 

on Dec. 8, 1964, relates to an etching solution for sili- *ane» pentamethylene diamine, m-xylylenediamine and 

con, which includes piperidine. diethylene triamine. Particularly preferred amines in 

IBM Tech. Disci. Bull., Vol. 15, No. 1 (June 1972), p. this group are the diamines having 2-4 carbon atoms 
173 discloses an etchant for aluminum, consisting of a such as ethylene diamine and diaminopropane. 

solution of a secondary organic amine, such as piperi- 55 b. The alkanolamines, i.e., the aliphatic hydroxy 

dine or pyrrolidine, in water. amines. Usually each alkanol group in these amines 

In addition, a particularly effective solution for etch- contains from 2 to 5 carbon atoms. Illustrative are 
ing single crystal silicon is disclosed in U.S. patent ap- monoethanolamine, diethanolamine, triethanolamine, 

plication Sen No. 875,833, filed by Beechko on June 18, the mono-, di-, and tripropanolamines, ethanol- 
1986. That solution comprises ethanolaminc, pyrocate- 60 propanolamine, diethanolpropanolamine, and the 
chol, water, hydrogen peroxide and piperidine. It has mono-, di-, and tributanolamines. Particularly preferred 
been found that the solution etches (100) silicon at a rate alkanolamines are those in which each alkanol group 

of about 40 jt/hr. contains 2-3 carbon atoms such as the ethanolamines, 

the propanolamines and the ethanolpropanolamines. 

BRIEF SUMMARY OF THE INVENTION 65 In a particular i y preferred embodiment of the inven- 

Now, an improved method of etching silicon has tion, monoethanolamine is employed, 
been developed which involves contacting the silicon Although the proportions of the ingredients may 
with an etching solution which comprises an aromatic vary over wide ranges, the etching solution preferably 
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contains about 3-6 mole percent of the aromatic com- 
pound, about 32-56 mole percent of the amine and 
about 65-38 mole percent of water. More preferably, 
the etching solution contains about 4-6 mole percent of 
the aromatic compound, about 39-56 mole percent of 5 
the amine and about 57-38 mole percent of water.' 

Various other ingredients may be added to the etch- 
ing solution. For example, a small amount, such as about 
0.2-0.3 mole percent, of pyrazine or piperidine or of 
hydrogen peroxide (e.g., 0.5-3 ml/1000 ml of amine 10 
compound) may be added in order to further enhance 
the etch rate of the solution. In addition, a small amount 
of a surfactant (e.g., 0.5-3 ml/ 1000 ml of amine com- 
pound), such as "FC-129" commercially available from 
Minnesota Mining & Manufacturing Company, or other 15 
fluorinated hydrocarbon surfactants, may be added. 
The presence of surfactant is desirable because it pro- 
vides an increase in uniformity of etching, apparently 
by inhibiting adhesion of evolving hydrogen bubbles at 
the etching surface. 20 

The etching solution of the invention provides a qual- 
ity etch', i.e. with minimal pits, hillocks and faceting, and 
at a significantly faster rate. As such, it is desirable for 
use in a number of applications. For example, the etch- 
ing solution can also be used to etch P-doped silicon 25 
wafers in the manner described in U.S. Pat. No. 
4,342,817, the entire disclosure of which is incorporated 
herein by reference. 

In one preferred application, the etching solution can 
be used to etch (100) silicon at a high rate (about 30 
125-140 u/hr.), while stopping at highly doped boron 
interfaces, allowing production of large, thin boron-rich 
windows on the surface of thick silicon wafers. These 
silicon products are useful in the manufacture of x-ray 
and e-beam masks. 35 

Besides etching single crystal silicon, the etching 
solution of the invention is also effective in etching 
other silicon, such as polycrystalline silicon or epitaxial 
silicon. 

The following examples are provided to illustrate the 40 
invention. 

EXAMPLE 1 

A pyrex reaction vessel (250 mm X 200 mm) was 
charged with 3 liters of monoethanolamine and 600 ml 45 
of deionized water. 900 Grams of gallic acid was added 
through a powder funnel, and the funnel rinsed with an 
additional 300 ml of deionized water. 20 Grams of pyra- 
zine, 4.5 ml of surfactant ("FC-129") and 7.5 ml of 30% 
hydrogen peroxide were added, and the amber solution 50 
was brought to reflux under a water condenser. 

Silicon wafers having a (100) crystallographic orien- 
tation were etched by immersing the wafers in the etch- 
ing solution at a temperature of about 11 8*- 120* C for 
about 4 to 4.5 hrs. The etching solution etched (100) 55 
silicon at a rate of about 94 u/hr. See Table I below. 

EXAMPLE 2 

A pyrex reaction vessel (250 mm X 200 mm) was 
charged with 1400 ml of deionized water, II 50 grams of 60 
gallic acid, 25 grams of pyrazine, 3800 ml of monoetha- 
nolamine and 7 ml of surfactant ("FC-129") The solu- 
tion was heated to reflux under a water condenser. 

Silicon wafers having a (100) crystallographic orien- 
tation were etched by immersing the wafers in the etch- 65 
ing solution at a temperature of about 119* C. for about 
5.5 hrs. The etching solution etched (100) silicon at a 
rate of about 125 fi/hr. See Table I below. 



EXAMPLE 3 

A 500 ml pyrex reaction kettle was charged with 335 
ml of monoethanolamine and 75 ml of deionized water. 
100.4 Grams of gallic acid was added through a powder 
funnel. 25 Ml of piperidine, 1 ml of surfactant ("FC- 
129") and 3 ml of 30% hydrogen peroxide were added, 
and the amber solution was brought to reflux under a 
water condenser. 

Silicon wafers having a (100) crystallographic orien- 
tation were etched by immersing the wafers in the etch- 
ing solution at a temperature of about 125* C. for about 
10 hrs. The etching solution etched (100) silicon at a 
rate of about 60-70 u./hr. See Table I below. 

COMPARATIVE EXAMPLES A-G 

For purposes of comparison, the procedure of Exam- 
ple 3 was repeated using the formulations as shown in 
Table I. In each Comparative Example, an aromatic 
compound, other than as defined in the description 
above was used in the formulation in place of gallic 
acid. In each case, the etch rate results for (100) silicon 
were found to be unacceptable. The formulations and 
the corresponding results are summarized in Table I 
below. 

TABLE I 



Example 



Comparative 
Example 



A B C D E 



Formulation 

Monoethanol- XX XXXXXXX X 
amine 

Piperidine XXXXXXX X 

Pyrazine X X 

Water XX XXXXXXX X 

Surfactant XXXXXX XX 
(FC-129) 

Hydrogen X X X X X XX 

Peroxide 

GaJlicAcid XXX 
Quinhydrone X 

1.2- Naphtho- X 
qutnone-^- 

Sulfonic Acid 

Alizarin X 
QuinaJizarin X 

2.3- Dihy- X 
droxy pyridine 

3,6-Dihy- X 

deoxypy- 

ridazinc 

1,2-Naphtho- X 
quinone 

Catechol X 
Etch Results* 

Etch Rate 94 125 60- S N N N N NS VS 
(M/hr) 70 

•The following abbrevtilions tuve been used: 

S: Slow 

N: None 

VS: Very Slow 

NS: Non-Selective 



EXAMPLES 4-8 

The procedure of Example I was followed by using 
the same ingredients in the same relative proportions, 
except that the amount of water in the solution was 
varied. The results are summarized in Table II below. 
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TABLE II 
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Amount of 


Etch 




Water 


Rate 


Example 


(Mole Percent) 




4 


41 


113 


5 


46 


133 


6 


51 


140 


7 


53 


140 


8 


57 


137 



10 



12. The method of claim 11, wherein said aromatic 
compound is gallic acid and said amine is monoethanol- 
amine. 

13. The method of claim 12, wherein said etching 
solution has a temperature of about 115M25* C, and 
has a pH of about 11-12. 

14. The method of claim 13, wherein said etching 
solution further comprises pyrazine or piperidine. 

15. The method of claim 14, wherein hydrogen per- 
oxide is added to said etching solution. 

16. The method of claim 15, wherein a surfactant is 
added to said etching solution. 

17. An etching solution for silicon, comprising an 
aromatic compound having at least two adjacent hy- 



We claim: 

1. A method of etching silicon, comprising contacting 

said silicon with an etching solution which comprises an 

aromatic compound having at least two adjacent hy- 15 £^7"^ 
droxyl groups and a polar functional group on the ring, ^ ax ^ nc watcn 

an amine and water. lg t The etching solution of claim 17, wherein said 

2. The method of claim 1, wherein said polar func- p0 \^ functional group is COOH. 

tional group is COOH. 19. The etching solution of claim 18, wherein said 

3. The method of claim 2, wherein said aromatic 20 aromatic compound is gallic acid 
compound is gallic acid. 

4. The method of claim 1, wherein said amine is se- 
lected from the group consisting of a diamine having 
2-4 carbon atoms and an alkanolamine in which each 
alkanol group contains 2-3 carbon atoms. 25 

5. The method of claim 4, wherein said amine is 
monoethanolamine. 

6. The method of claim 1, wherein said etching solu- 
tion further comprises pyrazine or piperidine. 



20. The etching solution of claim 17, wherein said 
amine is selected from the group consisting of a diamine 
having 2-4 carbon atoms and an alkanolamine in which 
each alkanol group contains 2-3 carbon atoms. 

21. The etching solution of claim 20, wherein said 
amine is monoethanolamine. 

22. The etching solution of claim 17, further compris- 
ing pyrazine or piperidine. 

23. The etching solution of claim 17, further compris- 



7. The method of claim 1, wherein hydrogen perox- 30 m 8 a surfactant. 

24. The etching solution of claim 17, comprising 
about 4-6 mole percent of said aromatic compound, 



35 



ide is added to said etching solution. 

8. The method of claim 1, wherein a surfactant is 
added to said etching solution. 

9. The method of claim 1, wherein said etching solu- 
tion comprises about 4-6 mole percent of said aromatic 
compound, about 39-56 mole percent of said amine and 
about 57-38 mole percent of water, 

10. The method of claim 1, wherein said etching 
solution has a temperature of about 115M25* C. and ^ 
has a pH of about 11-12. 

11. A method of etching a silicon wafer, comprising 
introducing said wafer into an etching solution which 
comprises about 4-6 mole percent of an aromatic com- 



pound having at least two adjacent hydroxyl groups 45 monoethanolamine. 



about 39-56 mole percent of said amine and about 57-38 
mole percent of water. 

25. An etching solution for silicon, comprising about 
4-6 mole percent of an aromatic compound having at 
least two adjacent hydroxyl groups and a COOH group 
on the ring, about 39-56 mole percent of an amine se- 
lected from the group consisting of a diamine having 
2-4 carbon atoms and an alkanolamine in which each 
alkanol group contains 2-3 carbon atoms and about 
57-38 mole percent of water. 

26. The etching solution of claim 25, wherein said 
aromatic compound is gallic acid arid said amine is 



and a COOH group on the ring, about 39-56 mole per- 
cent of an amine selected from the group consisting of a 
diamine having 2-4 carbon atoms and an alkanolamine 
in which each alkanol group contains 2-3 carbon atoms 
and about 57-38 mole percent of water. 



27. The etching solution of claim 26, further compris- 
ing pyrazine or piperidine. 

28. The etching solution of claim 27, further compris- 
ing a surfactant. 



50 



55 



60 



65 
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[57] ABSTRACT 

The present invention presents methods for, inter alia, clean- 
ing and etching semiconductor wafers with a solution con- 
taining ammonium fluoride and control of the process used 
for preparing such a solution at its point of use. 
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METHODS FOR TREATING 
SEMICONDUCTOR WAFERS 

This application claims the benefit of U.S. Provisional 
Application Ser. No. 60/050,076 filed Jun. 13, 1997. 

FIELD OF THE INVENTION 

The present invention relates to the field of treating (i.e., 
etching and/or cleaning) semiconductor wafers with a solu- 
tion containing ammonium fluoride and control of the pro- 
cess used for preparing such a solution at its point of use. 

BACKGROUND OF THE INVENTION 

Various solutions have been used to clean and etch 
semiconductor wafers. Recently, general cleaning solutions, 
and particularly solutions designed for oxide etching, have 
been prepared containing ammonium fluoride as the primary 
cleaning or etching compound. In such instances, the semi- 
conductor processing unit is designed to store the already 
prepared ammonium fluoride solution, which is then used 
when needed by the semiconductor processor. 

Such solutions have been referred to as buffered HF 
solutions and consist of a mixture of hydrogen fluoride (HF), 
which is a weak acid, and a salt of this acid, ammonium 
fluoride (NH 4 F). Initially this mixture was developed to 
buffer dilute HF so as to obtain a constant etch rate over an 
extended period of time (i.e., several days to weeks). Such 
solutions may be referred to as Buffered HF (BHF); the term 
BOE (Buffered Oxide Etch) is also used to refer to these 
solutions. Therefore, the appropriate solution (i.e., BHF or 
dHF) can be selected to optimize the specific etching and/or 
cleaning step to be performed. 

It was discovered, however, that buffered hydrogen fluo- 
ride has slightly different properties than dilute HF, aside 
from the buffering, which can be used to a semiconductor 
processor's advantage in several occasions. 

The major difference between BHF and dHF (dilute HF) 
is the different pH of the solutions. BHF has a pH of around 
3 to 5, whereas dHF has a pH of around 1 to 2. Thus, the 
active species in the solutions is different. 

The use of a BHF solution is attractive in some semi- 
conductor processing applications because: (1) resist is more 
"stable in" to BHF than to dHF (dilute HF) as a result of 
BHF's higher pH; (2) BHF has different etch selectivity than 
dHF (e.g., BHF is used when the BPSG 
(borophosphosilicate glass) versus thermal oxide has to be 
lower than the selectivity obtained in dHF; or BHF can also 
obtain the opposite if formulated right (i.e., it can also offer 
much higher etch rates for BPSG than thermal oxide); (3) 
BHF offers higher oxide etch rates than dHF for the same 
fluoride concentration; (4) BHF also offers higher nitride 
etch rates; (5) BHF terminates the surface differently than 
dHF; and (6) the higher pH of the BHF may in certain cases 
offer an improved particle performance depending on the 
particular action of the zeta potential. 

In conventional BHF techniques, the solution is premixed 
and then employed in a wet processing unit. There are 
various problems associated with the use of premixed BHF. 
For example, particle formation tends to be an issue; such 
particles may compromise the integrity of the final product. 
Etch uniformity is limited due to the high viscosity and 
surface tension of BHF, the high etch rate, and, in the case 
of a wet bench, the continuous etching during insertion or 
removal of the wafers from the processing tanks and into the 
rinse tank. Also, because premixed BHF is typically used for 
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an extended period of time, sometimes up to a week, there 
is the potential to introduce metallic impurities into the 
process liquids, which could again, compromise the integrity 
of the final product. Further, BHF tends to crystallize at 

s temperatures below 16-17° C. which poses a problem for 
commercial transportation of the premixed chemical from 
various locations (i.e., supplier to water processing plant). 
Because premixed BHF has a high viscosity and surface 
tension, a surfactant is generally required to improve its 

10 wetting properties and to reduce particle formation. Finally, 
with premixed BHF, one is limited to the premixed ratio of 
NH 4 F to HF, typically mixing ratios of 6:1, 7:1 or 10:1, 
limiting flexibility in processing. The use of premixed BHF 
also is expensive. 

15 Although there are significant benefits to using BHF to 
treat electronic component precursors, there is a need to 
reduce the problems associated with premixed BHF. The 
present invention addresses these as well as other needs. 

SUMMARY OF THE INVENTION 

20 

The present invention provides improved methods for 
cleaning or etching semiconductor wafers, and particularly 
for oxide etching semiconductor wafers, using a cleaning/ 
etching aqueous solution that contains ammonium fluoride 

25 (NH 4 F) and preferably also contains hydrogen fluoride 
(HF)(or hydrofluoric acid). Such a solution can also be 
referred to as a buffered HF solution (BHF) or a buffered 
oxide etch (BOE) solution. The methods of the present 
invention provide for the preparation of such a BHF solution 

30 directly at the point of use of the solution within the 
semiconductor processing area, or "fab" by mixing hydrof- 
luoric acid with a base or by injecting them into a process 
vessel. Hydrofluoric acid and ammonium hydroxide may 
used to formulate the solution. In such a way, the present 

35 invention provides great advantages to a semiconductor 
processor. One advantage is that the semiconductor proces- 
sor can incorporate the methods of the present invention into 
its operation without significant retrofitting because the raw 
material reagents — aqueous solution of hydrogen fluoride 

40 (hydrofluoric acid) and aqueous solution of ammonium 
hydroxide — are already used for other processing steps; 
thus, the present invention allows the processor to eliminate 
an entire chemical reagent (premixed BHF) from the pro- 
cessing area. Another advantage is that the present methods 

45 may reduce problems with particles in the processing sys- 
tem. Additionally, the present invention may provide 
improved etch uniformity over conventional BHF tech- 
niques. A further advantage is that the present invention may 
provide improved purity for the BHF solution with a lower 

50 concentration of metallic impurities. Finally, the present 
invention allows any mixing ratio at point of use providing 
increased processing flexibility. The mixing ratio can be 
easily changed at any run. 

By using a point of use BHF solution, it has been observed 

55 that the particle counts were generally negative at 0.16 pm, 
typically something like -100 to -200. Further, using point 
of use BHF, etch uniformities of Z-3% can readily be 
obtained, even without optimization for etch uniformity. 
Problems of contamination with metallic impurities and 

60 crystallization are minimized, if not eliminated using point 
of use BHF. Coinjected BHF does not generally require the 
use of surfactants and it also allows one to deliver any 
mixing ratio of NH 4 F to HF, which is beneficial because it 
provides for added flexibility in wet processing techniques 

65 allowing etch rate and selectivity to be optimized for a given 
semi-conductor process. Coinjected BHF is also more cost 
efficient because there is (1) no need for extra chemical lines 
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in the clean room because the individual chemicals are 
typically used in other wet processing steps; (2) no need for 
extra chemicals to be qualified and quality controlled, again, 
because the individual chemicals are typically used in other 
wet processing steps; and (3) no need for surfactant- 5 
chemical waste processing. 

In one embodiment of the present invention, the method 
for treating semiconductor wafers with a solution containing 
ammonium fluoride, comprises the following steps. First, 
there is provided a source of ammonium hydroxide 10 
(NH 4 0H) and a source of hydrogen fluoride (HF). Then an 
amount of ammonium hydroxide is transferred from the 
source of ammonium hydroxide to a treatment vessel and an 
amount of hydrogen fluoride is transferred from the source 
of hydrogen fluoride to the treatment vessel to prepare a 15 
treatment solution comprising ammonium fluoride (NH 4 F) 
and HF. A plurality of semiconductor wafers are contacted 
with the treatment solution to remove waste material from 
the semiconductor wafers. 

It is preferred that in the resulting treatment solution the 20 
molar concentration of NH 4 F is from about 0.02 to about 20 
and the molar concentration of HF is from about 0.01 to 
about 30. Preferably NH 4 F is 0.10-10 moles/liter and HF 
range is 0.10-20 moles/liter. ^ 

The treatment solution may be used for various reasons, 
such as oxide, nitride, or titanium (without limitation) etch- 
ing the surfaces of semiconductor wafers, or general clean- 
ing of the semiconductor wafers. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

FIG. 1 depicts the correlation between etch rate and 
fluoride concentration. 

FIG. 2 depicts the relative (fractional of the total fluoride 
concentration) concentration of the different species in a 35 
BHF solution as a function of pH for a total fluoride 
concentration of 2 mole/1 (corresponding to a 14:1 dilution 
of H 2 0:HF). 

FIG. 3 depicts the relative concentration of the species in 
BHF as a function of pH for a total fluoride concentration of 40 
0.14 mole/1. 

FIG. 4 depicts the ratio of [HF 2 "]/[HF] as a function of the 
dilution of H 2 0:HF. 

FIG. 5 depicts CFM Technology's 8100 Full-Flow 45 
System, which is an example of a wet processing system that 
may be used for practicing the claimed invention. 

FIG. 6 depicts a vessel area of the unit of FIG. 5 showing 
the slots where the electronic precursors are placed during 
treatment. 50 

FIG. 7 depicts a wafer held in a vessel in the CFM 
Technology's Full-flow™ system. 

DETAILED DESCRIPTION OF THE 

INVENTION 5S 

The terminology "reactive process liquid" "reactive 
chemical process liquid," "processing liquid," "chemical 
liquid," "active chemical," "reactive chemical process 
liquid," or "treatment solution," as used herein, refers to the 
reactive liquids that electronic component precursors are 60 
exposed to during their manufacture and perform some 
action on the surface electronic component precursors, as 
distinguished from a rinsing liquid such as Dl water. These 
terms may be used interchangeably. When used in connec- 
tion with the terminology "process liquid," "reactive" or 65 
"active" means, without limitation, a process liquid that has 
some activity in removing contamination such as particulate, 
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metallic impurities, or organic from the surface of the 
electronic component precursor, or has some activity in 
etching the surface of the electronic component precursor, or 
active in growing an oxide layer on the surface of the 
electronic component precursor. An example of such a 
reactive chemical process liquid is an aqueous solution of 
hydrofluoric acid (HF), which may have a concentration 
greater than 1000:1 (H 2 0:HF). 

The terminology "nonreactive chemical process liquid," 
as used herein, refers to a process liquid that does not 
necessarily have any activity in, for example, removing 
contaminants from the electronic component precursors, and 
may include rinse liquids. 

The terminology "chemical treatment step," as used 
herein, refers to exposing the electronic component precur- 
sors to one reactive chemical process liquid. 

The terminology "treating," as used herein, refers to some 
active step being performed on an electronic component 
precursors, such as cleaning or etching. 

The terminology "wet processing treatment," as used 
herein, refers to exposing the electronic component precur- 
sors to one or a series of process liquids to, for example, 
clean or etch the surfaces of the electronic component 
precursors. 

The terminology "rinsing liquid" or "rinse liquid," as used 
herein, refers to Dl water or some other liquid that is used 
to rinse the electronic component precursors after exposure 
to a reactive chemical process liquid, as compared to treating 
them with a chemical. A rinse liquid may be Dl water or a 
very dilute aqueous solution of a chemical (e.g., hydrochlo- 
ric acid) to prevent, for example, metallic deposition on the 
surface of the electronic component precursors during rins- 
ing (using very dilute solution of hydrochloric acid). Ozone 
is another additive used during rinsing. The chemical con- 
centration in such rinsing liquids is minute; generally, the 
concentration is not greater than about 100 ppm. The pri- 
mary goal of the rinsing liquid is to remove chemicals or 
reaction products from the surface of the electronic compo- 
nent precursors, and not to perform some "reactive" process 
to the surface(s) of the electronic component precursors. 

The terminology "reaction chamber," as used herein, 
refers to vessels, full flow vessels or single tank systems, 
baths, wet benches and other reservoirs suitable for wet 
processing methodologies. This terminology is interchange- 
able with the terminology "treatment vessel." 

As used herein, the terminology "full flow vessel," refers 
to a vessel that is closed to the environment and is employed 
in a "full flow method," or sometimes called one bath 
systems. 

As used herein, the terminology "electronic component 
precursors" includes, without limitation, semiconductor 
wafers, flat panels, and other components used in the manu- 
facture of electronic components (i.e., integrate circuits). 

The methods of the invention are generally applicable to 
any wet processing equipment. Reaction chambers suitable 
for practicing the claimed invention include, without 
limitation, full flow vessels, single chambers, wet benches 
(baths), and spray cleaning systems. See, e.g., Chapter 1: 
Overview and Evolution of Semiconductor Wafer Contami- 
nation and Cleaning Technology by Werner Kem and Chap- 
ter 3: Aqueous Cleaning Processes by Don C. Burkman, 
Donald Deal, Donald C Grant, and Charlie A. Peterson in 
Handbook of Semiconductor Wafer Cleaning Technology 
(edited by Werner Kem, Published by Noyes Publication 
Parkridge, N J. 1993), and Wet Etch Cleaning by Hiroyuki 
Horiki and Takao Nakazawa in Ultraclean Technology 
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Handbook, Volume 1, (edited by Tadahiro Ohmi published 
by Marcel Dekker), the disclosures of which are herein 
incorporated by reference in their entirety. A particularly 
preferred wet processing system is CFM Technology's 8100 
Full-Flow™ system. 

Semiconductor fabrication is described generally, for 
example, in P. Gise et al., Semiconductor and Integrated 
Circuit Fabrication Techniques (Reston Publishing Co. 
Reston, Va. 1979), the disclosures of which are herein 
incorporated by reference in their entirety. 

The reactive chemical process liquids suitable for prac- 
ticing the invention include, without limitation, aqueous 
solutions of hydrochloric acid and buffers comprising the 
same, ammonium hydroxide and buffers comprising the 
same, hydrogen peroxide, sulfuric acid and buffers compris- 
ing the same, mixtures of sulfuric acid and ozone, hydrof- 
luoric acid and buffers comprising the same, chromic acid 
and buffers comprising the same, phosphoric acid and buff- 
ers comprising the same, acetic acid and buffers comprising 
the same, nitric acid and buffers comprising the same, 
ammonium fluoride buffered hydrofluoric acid, ammonium 
hydroxide and buffers comprising the same, and hydrofluo- 
ric acid and buffers comprising the same, and combinations 
thereof. BHF can be used at anytime during a wet processing 
technique. The particular process liquids used, the equip- 
ment used, the exposure time, and the experimental condi- 
tions (i.e., temperature, concentration, and flow of the pro- 
cess liquid) will vary depending on the particular purpose of 
the particular wet processing methodology. 

The reactive chemical process liquids may further contain 
additional additives such as surfactants, complexing or 
chelating agents, and corrosion inhibitors. 

The nonre active chemical process liquids suitable for 
practicing the invention include, without limitation, deion- 
ized water or very dilute solutions of deionized water and/or 
chemical. Examples of such chemicals include, without 
limitation, hydrochloric acid, hydrofluoric acid, nitric acid, 
hydrogen peroxide, ozone, and surfactant. 

After chemical treatment, the electronic component pre- 
cursors may be dried using any method known to those 
skilled in the art. 

The methods of the invention may be used for etching or 
cleaning the surfaces of semiconductor wafers to remove 
any unwanted layer or part thereof from the silicon surface, 
such as an oxide layer, a nitride layer, an aluminum layer, a 
titanium layer (without limitation). The present invention 
may also be used in controlled oxide etching. 

The present invention provides methods for using a 
buffered, aqueous hydrogen fluoride (BHF) solution that 
contains hydrogen fluoride (HF), which is a weak acid, and 
a salt of this acid, ammonium fluoride (NH 4 F). This BHF 
solution is used, inter alia, to clean or etch electronic 
component precursors such as semiconductor wafers, flat 
panels, and other electronic component precursors. 
Hereinafter, the invention will be described with respect to 
cleaning or etching semiconductor wafers as representative 
of electronic component precursors. The cleaning or etching 
step accomplished by such BHF solutions can include 
general cleaning of the wafers, and is particularly applicable 
to oxide etching of the wafers. The invention, however, is 
not limited to such cleaning. 

In accordance with the present invention, the BHF solu- 
tion is prepared directly at the site of its end use. The BHF 
can be prepared in a mixing tank from its individual com- 
ponents and then transferred to a treatment vessel which is 
in fluid communication with the mixing tank, or the BHF 
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can be prepared in the treatment vessel itself. In such a way, 
the BHF solution can be prepared within the processing 
room of the semiconductor processor with chemical reagents 
typically used in other processing aspects of such wafers. 

5 This allows for the minimization of raw chemical reagents 
that need to be stored in the processing area, or "fab," and 
thereby streamlines the processing area. 

A typical processing area for treating semiconductor 
wafers will have storage tanks for chemical reagents, such as 

10 ammonium hydroxide (NH 4 0H) and hydrofluoric acid (HF). 
These reagents are typically stored in their concentrated 
form. For NH 4 0H, a concentrated solution will typically be 
about 29% wt. aqueous solution; for HF, a concentrated 
solution will typically be about 49% wt. aqueous solution. 

15 These solutions can also be kept in a diluted form, with the 
lowest concentration of the NH 4 0H solution being about 
400 parts water: 1 part NH 4 OH and the same lowest con- 
centration for the HF solution. 

In accordance with the methods of the present invention, 

20 a BHF process solution is prepared directly within the 
processing area at the point of its use to clean and/or etch the 
semiconductor wafers. In one embodiment, there is prepared 
a BHF process solution within a treatment vessel. The 
treatment vessel is in liquid communication with the storage 

25 tanks for the NH 4 0H and for the HF solutions. A control 
valve and a control pump can be used as processing equip- 
ment between these storage tanks and the treatment vessel. 
In such a way, a processing control system, such as a 
personal computer, can be used as a means to control and 

30 monitor the addition rates of each solution, the NH 4 0H and 
for the HF solutions, into the treatment vessel to prepare the 
processing solution. 

The BHF process solution will be prepared by mixing 

35 together a selected quantity of the NH 4 OH aqueous solution 
and a selected quantity of the HF aqueous solution. The 
reaction of these two compounds will form NH 4 F. The two 
reactant species are combined in a ratio such that there is a 
molar excess of HF to produce a final BHF process solution 

4Q that contains both NH 4 F and HF. It is preferred that the BHF 
process solution contain a molar concentration (moles/liter 
of solution) of NH 4 F in the range of from about 0,02 to about 
20, and that it also contain a molar concentration of HF in 
the range of from about 0.01 to about 30. Preferably NH 4 F 

45 is 0.10-10 moles/liter and HF range is 0.10-20 moles/liter. 
The BHF process solution can also be prepared without an 
excess of HF, such that there is no detectable amount of HF 
in the BHF process solution, although it is preferred to have 
an excess of HF present. 

50 After the NH 4 OH solution and the HF solutions have been 
transferred into the treatment vessel to form the BHF 
process solution, the equipment used to transfer those 
reagents, e.g., any pumps and/or valves, can be shut down. 
The BHF process solution is now in a form to be used at the 

5S point of its end use to clean and/or etch silicon wafers. This 
step can be accomplished by any of the variously known 
contacting steps. One such method is to immerse the wafers 
into the BHF process solution within the treatment vessel. 
Another method is to flow the BHF process solution over the 

6Q wafers or to spray the process solution onto the wafers. 
The temperature of the BHF process solution can be 
maintained between about 3° C. and about 90° C, preferably 
between about 15° C. and 70° C, most preferably between 
20° C.-40° C. 

65 The process of mixing the separate NH 4 0H and the HF 
solutions to form the BHF process solution can be auto- 
mated to an extent. That is, the known concentrations of 
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these solutions can be entered into a computer and a program 
can then be used to control the addition rate of each solution 
to produce the desired concentration of NH 4 F and HF in the 
final BHF process solution. 

The BHF process solution of the present invention is 5 
preferably used in oxide etching processing steps to remove 
silicon oxides from the surfaces of semiconductor wafers. 
The unwanted oxides include PBSG oxides and thermal 
oxides. 

The preparation of the BHF process solution in accor- 30 
dance with the present invention at the point of its use within 
the processing area provides many benefits to the prior 
technique of storing a solution of NH 4 F in the processing 
area and transferring that solution directly into the treatment 
vessel to be used as the process solution. For instance, use 15 
of the present methods may significantly decrease the accu- 
mulation of particles in the processing system. Also, the 
methods of the present invention may improve the unifor- 
mity of the etching process. In accordance with the present 
invention, any mixing ratio is possible between the HF 20 
solution and the NH 4 0H solution. Further, the process of the 
present invention results in the simplification of the pro- 
cessing area because the space and equipment necessary to 
deal with a separate NH 4 F solution are saved. 

Without departing from the spirit of the invention, the 25 
BHF solution can be formulated at point of use by mixing 
hydrfluroic acid with a base, with ammonium hydrooxiude 
being the preferred base. Other bases suitable for practicing 
the invention include, without limtiation, tetramethly ammo- 
nium hydrtoxide. 30 

The following examples are for illustrative purposes and 
are not intended to limit the invention. 



EXAMPLES 



3. Experiments 

a. Design of experimental conditions 

The experimental design of the first series of experiments 
is shown in Table 1. In this table, the injected ratios are 
shown with respect to a basis for HF (i.e., 
H 2 0:NH 4 0H:HF). The NH 4 F spans the entire dynamic 
range of the CFM 8100 Full-Flow™ (400:1 to 10:1). The 
[HF]/[NH 4 F] ratio varies between 10% and 100%. 

In a second set of experiments 8 etching experiments were 
chosen to run with different types of oxides. In each run 5 
wafers were used: 1 native oxide wafer for particle addition 
test, and 1 thermal oxide wafer, 1 BPSG wafer, one TEOS 
wafer, and 1 silicon nitride wafer. The last four wafers were 
tested for etch uniformity and selectivity. 

4. Results 

The recipe for BHF in a CFM Full-Flow™ 8100 looks 
similar to an SCI (H 2 0 2 , NH 4 0H, and H 2 0) or SC2 (H 2 0 2 , 
HC1, and ^O) step. The step is called HF/NH 4 OH. An 
example of a set of reaction conditions that may be used for 
a run in a CFM 8100 Full-Flow™ System is as follows: 



35 



45 



50 



Example 1 

Experimental Determination of Co-injected BHF Rates and 
Selectivity 

1. Experimental design 

In a first experimental series of 23 etching experiments 
thermal oxide and silicon nitride wafers were used to scan 40 
the entire dynamic range of mixing of NH 4 0H and HF. The 
mixed or coinjected HF was varied such that the excess 
amount of HF (more HF than the amount required just to 
form NH 4 F) for every NH 4 0H mixing amount (or injection) 
spanned between 10% and 100%. 

In a second experimental series, 8 etching experiments 
were chosen from these 23 previous experiments to inves- 
tigate the BHF etching selectivity of thermal oxide etching 
versus BPSG and TEOS oxide. 

Both etch rate and selectivity experiments were per- 
formed in a CFM technology 8100 Full-Flow™ System. 

2. Dynamic range 

The dynamic range for injection of NH 4 0H ranges from 
400:1 to 3:1 in a CFM Technologies 8100 Full-Flow™ 
system. In the presence of excess HF, every mole of NH 4 OH 55 
will react together with HF to form one mole of NH 4 F and 
therefore the dynamic range of NH 4 F in CFM Technologies 
8100 Full-Flow™ system is 0.0426 mole/1 to 5.686 mole/1. 
If NH 4 F would be supplied in a 40% -w solution, then this 
would correspond to a dilution of 254:1 and 1.89:1 dilution 
of H 2 0:NH 4 F (40% w). Or alternatively said, the dynamic 
range of the CFM Full-Flow corresponds to NH 4 F or 
NH 4 OH concentrations of between 0.15%-w and 21%-w. 

This dynamic range was explored while adjusting the 
excess HF concentration from 10% to 100% of the NH 4 F 65 
concentration (excess HF is varied from 10% to 100% of 
NH 4 F molar concentration). 



60 



Condition flow 


20 gpm 


Condition temp 


35° C. 


Inject Tiinc 


60.0 Sees 


Soak Time 


60.0 Sees 


Ratio Water 


100 


Ratio HF 


0.77 


Ratio NH 4 OH 


1 


Megasonics ON 


0.0 Sees 


Megasooics OFF 


0.0 Sees 



a. Conversion Calculations 

From the volumetric ratio of NH 4 0H and HF to H 2 0 in 
the recipe, the following items can be calculated: 
If recipe input (volumetric ratios): 
H 2 0-a 
NH 4 OH«b 
HF-c 

Then 

[HF] concentration injected in mole/1 as HF»c/ 
a*1000*1.18*(49/100)/20.006*(a/(a+b-l-c)) 

In this formula it is assumed that the specific density of 
HF in a 49%-w solution is 1.18 and that the HF is supplied 
to the injection tubes in a 49% concentration by weight of 
HF. Further it is assumed that the molecular weight of HF is 
20.006 g/mole. The [NH 4 OH] can be determined by 

[NH 4 0H] injected in mole'liter-b/a*0.9* (29/100)*1000/ 
17*a/(a+b+c). In this formula it is assumed that the specific 
density of NH 4 OH in a 29% solution is a 0.9 and that the 
NH 4 OH is supplied to the injection tubes in a 29% concen- 
tration by weight of NH 3 . Further it is assumed that the 
molecular weight of NH 3 is 17 g/mole. 

b. Discussion and further conversions 

The injected HF and NH 4 0H will form HF and NHF 4 . 
More specifically, this HF and NH 4 F will further form HF, 
HF 2 ~, F~, NH 4 and higher polymers of HF such as (HF) 2 . 
Alternatively the same concentration of species in the vessel 
could be generated by injecting HF and NH 4 F directly 
through the injection tubes. The amount of HF and NH 4 F 
that would be required in the injection tubes (hypothetically, 
since HF and NH 4 0H are really injected) to achieve equiva- 
lent concentration of active species in the vessel can be 
calculated. Equivalent amounts of [HF] and [NH 4 F] hypo- 
thetically injected (if injecting HF and NH 4 F instead of HF 
and NH 4 OH): 

[NFLtF] in NH 4 F— HF scheme4ra 4 OH] in NH 4 OH — 
HF scheme 
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[HF] in NH 4 F — HF scheme=[HF] — [NH 4 OH] in 
NH 4 0H— HF scheme 

Therefore, the ratio of [HF]/[NH 4 F] is: 

[H F]/[NH 4 F]=([H 4 F]H:NH40H])/[NH 4 0H] 

C. Conversion of HF/NH4F (molar to NH 4 0H/HF 

(volumetric) 

To convert a [HF]/[NH 4 F] ratio into a volumetric ration of 
NH 4 OH (29%)/HF(49%) the following formula can be used: 

NH 4 0H (29%)/HF (48.9%)=1.8825/([HF]/[NH 4 F]+1) for 
[HF]/[NH4F]-0, this gives NH 4 OH/HF«1.8825. 

Therefore, the maximum volumetric ratio of NH 4 OH to 
HF injection is 1.8825. 

5. Measurements 

a. On the wafers 

Etched oxide (25 points, 6 mm edge exclusion), etched 
nitride (25 points, 6 mm edge exclusion), particle removal 
(>0.16 fxm, 5 mm edge exclusion) on oxide wafers, nitride 
wafers, and test wafers (native oxide). Particles were mea- 
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sured using the Tencor Surfscan 6220 in the CFM Apps Lab. 
The film thickness was measured using the Rudolph FE 
VII-D at Rudolph Technologies in Flanders, NJ. 
b. On the tool 

5 Dl flow, actual volumes of chemicals injected (versus 
recipe volumes), temperature, conductivity at the end of the 
injection. Three wafers were used for each run. One nitride 
wafer was put into slot #22, the thermal oxide wafer was put 
into slot #32 and the test wafer was put into slot #42 (the 

10 slots are as depicted in FIG. 7). 

6. Results of 1st and 2nd set of experiments 
Since NH 4 F is made by mixing NH 4 OH and HF the data 
can be represented as a function of NH 4 OH and HF as done 
in Table 1 . The dilution of HF with respect to H^O is given 

15 on the vertical axis and the ratio of NH 4 0H to HF is given 
on the other axis. A ratio of NH 4 0H to HF of 1 .8825 delivers 
a perfect NH 4 F solution (ie., no excess HF). Higher ratios 
will form NH 4 0H and NH 4 F. instead of HF and NH 4 F. 



TABLE 1 

Thermal oxide etch rate at 40° C in A/min. Some runs were run at 35° C The runs at 35° C are printed 
in smaller characters. The data is now presented as a function of NH,,OH and HF. The NH 4 OH and 
H 2 0 is giving in volumetric ratios compared to 1 part HF. Thus, the volumetric 
ratio is presented as H20:NH 4 OH:l, where 1 is HF. The data for 0 NH 4 OH 
is the standard CFM data for dilute HF solutions. 

0.85 0.70 0.73 0.74 0.75 0.76 0.78 0.81 0.84 
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H z O:HF 
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500.1 
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400.1 




357.1 




333.1 




294.1 




270.1 




250.1 




232.1 




204.1 




200.1 


25 


189.1 




182.1 




175.1 




154.1 




150.1 


33 


147.1 




127.1 




125.1 


40 


116.1 




111.1 


48 


101.1 




100.1 


50 


98.1 




911 




90.1 
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89.1 




88.1 




85.1 




80.1 
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74.1 




70.1 


71 


68.1 




65.1 




63.1 




60.1 


83 


53.1 




50.1 
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48.1 




40.1 


123 


37.1 




35.1 
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29.1 




23.1 
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13.1 




11.1 
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TABLE 1 -continued 



Thermal oxide etch rate at 40° C. in A/min. Some runs weie run at 35° C. The runs at 35° C. are printed 
in smaller characters. The data is now presented as a function of NH^OH and HF. The NH^OH and 
H 2 0 is giving in volumetric ratios compared to 1 part HF. Thus, the volumetric 
ratio is presented as H20:NH 4 OH:l, where 1 is HF. The data for 0 NH 4 OH 
is the standard CFM data foT dilute HF solutions. 



NH 2 

H 3 0:HF 0.97 0.99 1.1 1.5 1,7 1.6 1.88 2.0 2.1 2.4 

500.1 

400.1 7 

357.1 

333.1 

294.3 

270.1 

250.1 

232.1 

204.1 

200.3 

189.1 

182.1 

175,1 

154.1 

150.1 

347.3 35C/21 

127.1 

125.1 

116.1 35C/21 
111.1 

103.1 19 

100.1 

98.1 

92.1 

90.3 

89.1 

88.1 

85.1 

80.1 

74.1 

70.1 

68.1 

65.1 

63.3 156 

60.3 

53.3 

50.1 2 (Si etched) 

48.3 329 (Si etched) 

40.1 

37.3 41 1(?) 247 83 3 (Sietched) 

35.1 

29.3 he) 3 (Sietched) 

23.3 263 37 3 (Sietched) 

36.1 >840 >353 404 

33.3 >528 
11.1 



In the literature, H. Kikuyaina, N. Miki, K, Saka, J. 
Takano, I. Kawanabe, M. Miyashita and T. Ohmi, IEEE 
Trans. On Semic, Manuf., Vol.4, no. 1, 26 (1991), it is 
reported that the highest etch rate is obtained for equal molar 
ratios of HF and NH 4 F. In terms of volumetric ratios of 5S 
NH 4 OH and HF, this corresponds to a volumetric ratio of 
NH 4 OH/HF=0.94. 

If the etch data for mixed solutions of NH 4 OH and HF for 
a ratio range of 1:0.86 to 1:1.2 are plotted together with the 
etch data for dilute HF on a graph versus the HF dilution, 
FIG. 1 results. FIG. 1 illustrates that the influence of the 60 
[NH 4 OH] on the etch rate is increasingly important for 
dilutions of 100:1 and lower. At a dilution of 100:1, the etch 
rate in BHF is about 20% higher, at a dilution of 70:1, the 
etch rate in BHF is about 50% higher and at a dilution of 
63:1, the etch rate in BHF is about 100% faster than in dHF 65 
solutions with the same HF concentration. It seems that for 
dilutions higher than 100:1 the etch rate does not depend 



greatly on the NH 4 0H concentration. These results agree 
very well with theory. 

In BHF, there are following species present: H"*", OH", F~, 
HF 2 ", HF and (HF) 2 In dilute HF, the primary etchants are 
the undissociated HF molecule and the (HF) 2 dimer acting 
as the etchant. In BHF, HF 2 also etches the oxide. HF 2 " 
etches the oxide roughly 4 times faster than (HF) 2 and/or HF. 
The presence of HF 2 in the solution is strongly dependent on 
the pH of the solution. 

At pH values between 3 and 5, the [HF 2 "] concentration 
is much higher than the (HF) or (HF) 2 concentration, as 
shown in FIG. 2. However, this situation changes drastically 
for dilute solutions. The same graph is shown in FIG. 3 for 
the case of a 200:1 solution, corresponding to a molar 
concentration of 0.14 mole/1. In FIG. 3, the [HF 2 "] concen- 
tration still goes through a maximum for ph values between 
3 and 5, but the [HF 2 ~] concentration is always much lower 
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than the [HF] concentration. The ratio of [HF 2 ~] versus [HF] 
can be calculated as a function of the dilution for a fixed pH 
value. 

For a pH value of 3.6 the ratio of [HF 2 ~] versus [HF] is 
shown in FIG. 4. The concentration of HF 2 " only becomes 
significant for dilutions less than a 100:1, illustrating why 
the addition of NH 4 OH to HF only increases the etch rate for 
dilutions less than 100:1. Even though the addition of 
NH 4 OH to HF for more dilute solutions does not alter the 
etch rate, it will still modify the pH which is important in 
patterned etches, where higher pH values are less aggressive 
to the resist. Additionally, there may be a slightly different 
surface termination depending on the pH, since there will be 
more F" in the solution. Even though F" does not etch Si0 2 , 
it can still interact with Si. Finally, the addition of NH 4 0H 
may affect particle formation since different pH valves may 
result in improved particle performance depending on the 
action of the zeta potential between the particles and the 
wafer surface. 

Example 2 

BHF and CFM Technologies FULL-FLOW System 

BHF can be made by mixing NH 4 OH and HF, since 
NH 4 OH and HF mixed will give NH 4 F. If an over concen- 
tration of HF is used, then one obtains NH 4 F and HF. In the 
CFM Full-Flow™ system, new software was developed to 
co-inject NH 4 OH and HF to obtain BHF. Traditionally in 
mixtures of NH 4 F and HF, ratios of 6:1 or 7:1 (NH 4 F:HF) 
are most popular, meaning volume ratios of NH 4 F and HF 
and where NH 4 F is delivered in a 40%-w solution and HF 
is delivered in a 49%-w solutions. However, concentrations 
as high as 20:1 are also used in the industry. The 6:1 
volumetric ratio of NH 4 F:HF actually corresponds to a 
molar ratio of 2.65:1. This can be achieved roughly by a 
volumetric ratio of 1:1 of co-injected NH 4 OH and HF if the 
NH 4 0H is delivered in a 29%- w solution and the HF is 
delivered in a 49%-w solution. 

Indeed, in a 1:1 solution, there are 24.5 mole/1 HF and 17 
mole/1 NH 4 OH. The 17 mole/I NH 4 OH together with 17 
mole/1 HF will form NH 4 F and leave 7.5 mole/1 HF excess. 
This gives a molar ratio of 17:7/5=2.3:1 NH 4 F:HF, close to 
the molar ratio in a 6:1 solution, which is 2.65:1. 

This shows that co-injection of HF and NH 4 OH in the 
CFM Full-Flow™ will require similar volumes of HF and 
NH 4 OH to be injected, which is very advantageous, since 
now similar hardware can be used to inject both chemicals 
into the process vessel (reaction chamber). 

What is claimed is: 

1. A method for treating electronic component precursors 
with a solution containing ammonium fluoride, comprising 
the steps of: 

(a) providing a source of ammonium hydroxide (NH 4 0H) 
and a source of hydrogen fluoride (HF); 

(b) transferring an amount of ammonium hydroxide from 
the source of ammonium hydroxide to a treatment 
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vessel and transferring an amount of hydrogen fluoride 
from the source of hydrogen fluoride to the treatment 
vessel to prepare a treatment solution comprising 
ammonium fluoride (NH 4 F); and 
5 (c) contacting a plurality of electronic component precur- 
sors with the treatment solution in the treatment vessel 
to remove waste material from the electronic compo- 
nent precursors. 
1Q 2. The method of claim 1 wherein said electronic com- 
ponent precursors are semiconductor wafers. 

3. The method of claim 1 wherein said source of ammo- 
nium hydroxide is selected from the group consisting of 
ammonium hydroxide and buffers thereof. 
15 4. The method of claim 1 wherein said source of hydrogen 
fluoride is selected from the group consisting of hydrogen 
fluoric acid and buffers thereof. 

5. The method of claim 1 wherein said treatment solution 
further comprises an additive selected from the group con- 

20 sisting of surfactants, complexing agents, or corrosion 
inhibitors. 

6. A method for treating electronic component precursors 
with a cleaning solution containing ammonium fluoride, 
comprising the steps of: 

25 

(a) providing a source of ammonium hydroxide (NH 4 OH) 
and a source of hydrogen fluoride (HF); 

(b) transferring an amount of ammonium hydroxide from 
the source of ammonium hydroxide to a treatment 

30 vessel and transferring an amount of hydrogen fluoride 
from the source of hydrogen fluoride to the treatment 
vessel to prepare a treatment solution comprising 
ammonium fluoride (NH 4 F) and hydrogen fluoride, 
where the molar concentration of ammonium fluoride is 

35 from about 0.02 to about 15 and the molar concentra- 
tion of hydrogen fluoride is from about 0.01 to about 30 
in the treatment solution; and 

(c) contacting a plurality of electronic component precur- 
sors with the treatment solution in the treatment vessel 

40 to remove waste material from the electronic compo- 
nent precursors. 

7. The method of claim 6 wherein said electronic com- 
ponent precursors are semiconductor wafers. 

8. The method of claim 6 wherein said source of ammo- 
45 nium hydroxide is selected from the group consisting of 

ammonium hydroxide and buffers thereof. 

9. The method of claim 6 wherein said source of hydrogen 
fluoride is selected from the group consisting of hydrogen 
fluoric acid and buffers thereof. 

50 10. The method of claim 6 wherein said treatment solution 
further comprises an additive selected from the group con- 
sisting of surfactants, complexing agents, or corrosion 
inhibitors. 

* * * * * 
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ABSTRACT 



A method for developing a semiconductor device low resis- 
tance electrical contact is described. In this process a gate 
oxide layer followed by a polysilicon layer is deposited on 
the semiconductor substrate in proximity to the device 
contact area. It is subsequently patterned with photoresist 
and etched to produce the desired gate structure. This is 
followed by a deposited layer of silicon dioxide or silicon 
nitride (SIN) which is appropriately patterned and etched to 
form gate isolation spacers. Then a nominal 300 A layer of 
silicon nitride (SIN) is deposited followed by a layer of 
tetraethyl orthosilicate (TEOS) or borophosphosilicate glass 
(BPSG). The contact area is defined by photolithography, 
and the passivation layers are etched either by a dry etch 
such as a R1E process, or a combination of a wet BOE 
process followed by a dry etch, to form the metal contact 
holes. Prior to sputtering the contact metal, the contact area 
is cleaned with a 30 second dip in a BOE solution, followed 
by a Hydrogen Peroxide (B 2 0^) dip. This H 2 0 2 cleaning 
step enables lower device contact resistance for the P+ 
contact areas. 

32 Claims, 2 Drawing Sheets 
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METHOD TO REDUCE DEVICE CONTACT cleaning process using H 2 0 2 . U.S. Pat. No. 5,670,019 to 

RESISTANCE USING A HYDROGEN Huang shows a IL^ cleaning process for removing pre- 

PEROXIDE TREATMENT cipitates after a tungsten etchback process. U.S. Pat. No. 

5,801,096 to Lee et al shows a method of forming contact 
BACKGROUND OF THE INVENTION 5 holes and fillm g lhe holes with metaL 



(1) Field of the Invention 

The present invention relates to a method for semicon- 
ductor manufacturing and more specifically the cleaning of 
the surface of a semiconductor device prior to the deposition 1Q 
of the contact metallization layer, and particularly, to a 
method utilizing a hydrogen peroxide cleaning treatment to 
remove traces of contaminants in the metal contact area 
prior to the deposition of the contact metal. 

(2) Description of Prior Art 

As circuit density and therefore device density increases, 
metal contact dimensions have to be decreased accordingly 
to minimize the contact area as part of the total chip area. 
Contact resistance is normally inverse to contact size, that is 
the smaller the contact size, the higher the contact resistance. 
This makes contact resistance a significant and sometimes 20 
dominant factor in very large scale integration (VLSI) metal 
system performance. Therefore an important element in the 
manufacturing and subsequent operation of integrated cir- 
cuit devices is the electrical contacts and associated contact 
resistance which are required to conduct the power and 25 
signals throughout the integrated circuitry. 

For example, for a typical metal oxide semiconductor 
field effect transistor (MOSFET), these contacts are fabri- 
cated through the standard lithographic process utilizing 
photoresist with optical masks to pattern the contact areas. 30 
As illustrated in FIG. 1, a cross section of two typical FET 
devices are shown. A thin silicon dioxide layer (SiOj) 12 
typically between 80 and 150 A thick is placed on a substrate 
10 as a gate oxide dielectric. This is normally followed by 
a deposition of polysilicon 14A to a nominal thickness of 35 
3150 A for the gate control voltage electrode, followed by 
a tetraethyl orthosilicate (TEOS) oxide layer 16A nominally 
3000 A thick for gate insulation and spacer isolation. After 
patterning and a TEOS and poly etching processes, a thin 
layer of silicon nitride (SIN) 22 is deposited to a nominal 
thickness of 300 A over the TEOS layer 16A followed by a 40 
final contact passivation dielectric of boron phosphorous 
silicon glass (BPSG) 24 to a nominal thickness of 3000 A. 
The structure is subsequently patterned with photoresist 
(PR) 26 and the contact hole 30A is opened with a wet 
isotropic etch to produce the structure shape depicted in FIG. 45 
1 in preparation for contact metallization. This contact hole 
requires a cleaning process that assures good metal contact 
and subsequent low contact resistance. The final contact 
opening process is typically a dry etch cleaning step using a 
gas containing fluorine. This etch is typically followed by a so 
nominal 2 minute buffered oxide etch (BOE) wet dip clean- 
ing step prior to contact metal sputtering. As contact hole 
dimension is reduced from 2 um to 1 um, this BOE premetal 
dip does not always remove a fluoride residue left from the 
dry etch process. Since fluorine acts as a donor element, this 55 
residue can affect the contact resistance for a P+ to metal 
contact. This perturbation in contact resistance can effect 
device performance and impact process yields for small 
contact hole devices. It is desired to define a method for 
improving contact cleaning prior to metal deposition thereby 
improving the metal contact ohmic resistance maintaining or 60 
improving device performance and process yields. U.S. Pat. 
No. 4,752,505 to Arac teaches a pre -metal deposition clean 
for B— Si— O insulating layer. U.S. Pat. No. 5,486,266 to 
Tsia et al shows a method of cleaning a silicon contact 
surface using H 2 02. U.S. Pat. No. 5,229,334 to Kato shows 65 
a method of forming a gate insulating layer by cleaning 
using H 2 0 2 . U.S. Pat. No. 5,308,400 to Chen shows a wafer 



SUMMARY OF THE INVENTION 

Accordingly, it is the primary objective of the invention to 
provide an effective and manufacturable method for clean- 
ing the surface of a partially manufactured integrated circuit 
so that a subsequently deposited metal film will adhere well 
to the surface and have a well controlled contact resistance, 
thereby enhancing device yield and performance. 

Furthermore, it is the objective of the invention to main- 
tain or improve contact resistance while maintaining impor- 
tant device characteristics such as effective channel length 
(Lefl) and device threshold voltage (Vtp). 

Yet another object of the invention is to reduce or main- 
tain the contact resistance and the range thereof, as the 
contact hole dimensions are reduced below 2.0 um to a 
nominal 1.0 um size range. 

Another objective of the invention is to simplify the 
process by eliminating an insulating or passivation layer, 
while maintaining appropriate insulating, isolation and 
dielectric properties. 

A separate aspect of this invention is to improve gate 
polysilicon passivation by using a single layer of 5K A 
TEOS, or alternatively, using a single layer of 5 to 6K A 
BPSG. 

The above objectives are achieved by the methods of the 
invention which describes a process for developing a semi- 
conductor device low resistance electrical contact. In this 
process a gate oxide layer followed by a polysilicon layer is 
deposited on the semiconductor substrate in proximity to the 
device contact area. It is subsequently patterned with pho- 
toresist and etched to produce the desired gate structure. 
This is followed by a deposited layer of silicon dioxide or 
silicon nitride (SIN) which is appropriately patterned and 
etched to form gate isolation spacers. Then a nominal 300 A 
layer of silicon nitride (SIN) is deposited followed by a layer 
of tetraethyl orthosilicate (TEOS) or borophosphosilicate 
glass (BPSG). The contact area is defined by 
photolithography, and the passivation layers are etched 
either by a dry etch such as a RIE process, or a combination 
of a wet BOE process followed by a dry etch, to form the 
metal contact holes. Prior to sputtering the contact metal, the 
contact area is cleaned with a dip in a BEO solution, 
followed by a key aspect of the invention process, a Hydro- 
gen Peroxide (H 2 0 2 ) dip. This H 2 0 2 cleaning step enables 
lower device contact resistance for the P+ contact areas 
which is essential to good device performance. It has the 
additional benefit of maintaining or enhancing product yield 
as the contact hole size is decreased to meet the requirements 
of ever larger scale device integration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a cross section through 2 adjacent typical 
field effect transistors showing a prior art structure for 
making a FET semiconductor device with a 2 um device 
contact using a combination of TEOS and BPSG insulation 
and isolation. 

FIG. 2 shows one form of the invention showing a cross 
section through 2 adjacent typical field effect transistors with 
a 1 um contact hole and which utilizes a nominal 3K A layer 
of TEOS passivation for the oxide and nominal 3500 A 
polysilicon self aligned gate (SAG) structure. 

FIG. 3 shows an alternative form of the invention struc- 
ture by representing a cross section through 2 adjacent 
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typical field effect transistors for a 1 urn device contact, 
using a nominal 3500 Apolysilicon gate element covered by 
a layer of silicon nitride (SiN 4 ) followed by a single layer of 
either TEOS or BPSG. 

DESCRIPTION OF THE PREFERRED 5 
EMBODIMENTS 

Referring to FIG. 2 there is shown a cross section through 
two adjacent field effect transistors (FET) such as could be 
part of an integrated circuit. The substrate 10 on which the 10 
FETs were built is a body of N type silicon of single crystal 
orientation. A thin layer of oxide 12 is deposited on the 
substrate to form the gate oxide whose thickness determines 
the threshold voltage for the devices. The gate oxide film 
thickness is normally between 80 and 150 A in thickness and 
is normally thermally grown by the dry oxidation method 35 
using oxygen and hydrogen gases. A layer of polycrystalline 
silicon (poly) 14B is deposited over the gate oxide, typically 
by low pressure chemical vapor deposition (LPCVD) to a 
nominal thickness of 3500 A to serve as the gate electrode 
of the devices. The poly layer is usually doped with phos- 20 
phorus or arsenic to increase the conductivity of the elec- 
trode. This nominal poly thickness is increased over the 
prior art shown in FIG. 1 to improve the poly masking ability 
used in the self aligned gate (SAG) process to shield the FET 
channel from unwanted dopent contamination during the 25 
source/drain heavy doping implant process. This increased 
poly thickness provides better gate threshold voltage (Vtp), 
control and stability. After appropriate patterning and etch- 
ing to form the gate structure of oxide 12 and poly 14B, an 
oxide layer is deposited over the surface and etched to form 3Q 
the gate side spacers 28 to insulate the gate from the source 
drain. 

The source/drain regions are made up of the P+ heavily 
doped regions 18 and P- lightly doped (LDD) regions 20. 
These source/drain regions are generally created by means 35 
of ion implantation as is well understood in the art. They will 
be contacted by a metal conductor not shown in the cross 
section, typically an alloy of aluminum with 2% silicon or 
a tungsten metallurgy system. The gates are covered by an 
insulating layer of silicon nitride (SIN) 22 typically depos- 
ited by low pressure chemical vapor deposition (LPCVD) or 40 
plasma enhanced chemical vapor deposition (PECVD) uti- 
lizing silane (SiH 4 ) or dichlorosilane (SiC^Hj as source 
gases to a thickness between 200 and 400 A, with a nominal 
thickness of 300 A A layer of TEOS oxide 16B is deposited 
over the SIN to a thickness typically between 2500 and 3500 45 
A using a PECVD with tetraethyl orthosilicate (S^OC^)) 
source or silane with nitrous oxide in an argon plasma 
process. A unique feature of this embodiment of the inven- 
tion places the SIN 22 directly over the poly electrode 14B 
and side spacer 28 and then uses the nominal 3000 A TEOS 50 
16B in place of the nominal 3000 A BPSG 24 shown in prior 
art FIG. 1 as the final contact dielectric layer. This saves one 
masking and deposition step over the prior art. 

The SIN 22 and TEOS 16B are subsequently patterned by 
photoresist 26 and anisotropically etched, typically by a S5 
plasma etch or a reactive ion etch (RIE) using fluorine as an 
etchant to open a contact hole 30B to allow contact to the 
source/drain and gate areas by a deposited layer of metal. 
The gate element contact area is not shown in this cross 
section. The anisotropic etch provides vertical walls of 
TEOS 16B surrounding the contact hole 30B and eliminat- 60 
ing the thinner coverage over the poly step edge caused by 
the curved surface of the TEOS 16 A and SIN 22 isotropic 
etch shown in FIG, 1. 

Just prior to the deposition of the contact metallurgy it is 
necessary to properly prepare the surface of the device. If 65 
this is not done residues may cause a layer of relatively high 
electrical resistivity between the source/drain diffusion 18 
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and the metal. Because the area of the contact hole is very 
small, the absolute value of the resulting contact resistance 
can be significant and may be greater than what has been 
specified to be the maximum contact resistance. Therefore, 
following the etch process, the contact hole is cleaned first 
by a 30 second dip in a moderate BOE solution typically a 
ratio of 10 to 1 ammonium fluoride (NH 4 F) hydrofluoric 
acid (HF) mixed in water, followed by a key aspect of the 
invention, a dip in an active solution of 49% H 2 0 2 water 
for between 10 and 30 minutes. This H 2 0 2 cleaning step has 
the advantage over the previous process of more completely 
removing the fluoride residues left from the previous dry 
etch process improving the device contact resistance, and 
subsequently performance as well as improving product 
yield. The cleaning process is completed with a de ionized 
water rinse. 

FIG. 3 is an alternate embodiment of the invention. For 
increased passivation protection the nominal 3K A TEOS 
layer 16B shown in FIG. 2 can be increased to a nominal 5K 
A TEOS 16C thickness shown in FIG. 3. The etching 
process for this thickness TEOS is first an isotropic wet etch 
using a BOE solution typically a ratio of 10 to 1 ammonium 
fluoride (NH 4 F) hydrofluoric acid (HF) mixed in water, for 
approximately the first 1500 A followed by an anisotropic 
dry etch such as a RIE process for the nominally 3500 A 
thick remaining TEOS layer 16C. This process produces the 
contact hole profile 30C shown in FIG. 3, After the etching 
process is complete, the contact hole is cleaned using the 
previously described BOE for a nominal 30 seconds fol- 
lowed by the H 2 0 2 dip for between 10 and 30 minutes 
followed by the deionized water rinse. This device passiva- 
tion profile provides a more robust passivation of the semi- 
conductor devices. 

A third embodiment of the invention would be to change 
the TEOS passivation layer 16C to a BPSG layer with a 6K 
A nominal thickness. The etching process for this material 
would be the same as for the second embodiment, that is, a 
wet isotropic etch followed by a dry anisotropic etch to 
provide a similar profile for the contact hole 30C as repre- 
sented in FIG. 3. After the etching process is complete, the 
contact hole is cleaned using the previously described BOE 
for a nominal 30 seconds followed by the H 2 0 2 dip for 
between 10 and 30 minutes followed by the deionized water 
rinse. This device passivation profile also provides a more 
robust passivation of the semiconductor devices than the 
prior art process. 

It should be understood that while the application of the 
invention has been described through means of an example 
based on an FET device contained within an integrated 
circuit, the scope of the device is not limited to FET's or 
even integrated circuits. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made without 
departing from the spirit and scope of the invention. 

What is claimed is: 

1. A method of cleaning the surface of a partially manu- 
factured integrated circuit prior to contact metal deposition 
on said surface comprising: 

dipping the said surface in a buffered oxide etch (BOE); 

then immersing said surface in a solution consisting of 
hydrogen peroxide (H 2 0 2 ) and water; 

rinsing in deionized water in preparation for metal sput- 
tering. 

2. The method of claim 1 where the BOE contains from 
8 to 10 parts ammonium fluoride (NH 4 F) to 1 part hydrof- 
luoric acid (HF) mixed water. 

3. The method of claim 1 where said BOE dip is for a 
duration of between 20 and 40 seconds. 
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4. The method of claim 1 whereby said hydrogen peroxide 
bath is composed by volume of between 48% and 50% 
active parts hydrogen peroxide (H 2 0 2 ) to water. 

5. The method of claim 1 whereby the duration of said 
H 2 0 2 dip is between 10 and 30 minutes. 

6. The method of claim 1 where the resistance of said 
deionized water is between 16 and 22 megohm-cm. 

7. A method of simplifying the process of FET SAG gate 
passivation of a semiconductor device with a 1 um contact 
hole on a semiconductor substrate comprising: 

depositing a layer of gate oxide on said substrate; 
depositing a doped layer of polysilicon over said gate 
oxide; 

anisotropically etching said poly and gate oxide to form 

the gate electrode element; 
depositing a layer of oxide over said gate electrode 

element; 

isotropically etching said oxide to form gate oxide spac- 
ers; 

depositing a layer of SIN over said gate structure; 
depositing a layer of TEOS over said SIN and said gate 
structure; 

patterning said TEOS and SIN with photoresist to define 

contact metallization hole; 
etching said TEOS and SIN to open said contact hole; 
cleaning said contact hole opening with a BOE solution 

followed by a solution consisting of H^O^ and water 

followed by a deionized water rinse. 

8. The method of claim 7 whereby said poly is deposited 
to a thickness of between about 3400 A and 3600 A. 

9. The method of claim 7 whereby said SIN passivation is 
deposited to a thickness of between about 250 A and 350 A. 

10. The method of claim 7 whereby said TEOS passiva- 
tion is deposited by CVD processing using tetraethyl ortho- 
silicate as a source to a thickness of between about 2900 A 
and 3100 A. 

11. The method of claim 7 wherein said contact hole is 
created using anisotropic, RIE processing using a fluorine 
based etchant. 40 

12. The method of claim 7 where said BOE cleaning 
solution contains from 8 to 10 parts ammonium fluoride 
(NH 4 F) to 1 part hydrofluoric acid (HF) mixed with water, 
and is for a duration of between 20 and 40 seconds. 

13. The method of claim 7 whereby said hydrogen per- 
oxide cleaning bath is composed by volume of between 48% 45 
and 50% active parts hydrogen peroxide (U a 0 2 ) to water 
and is between 10 and 30 minutes in duration. 

14. The method of claim 7 where the resistance of said 
deionized water is between 16 and 22 megohm-cm. 

15. A method of improving FET SAG gate passivation of so 
a semiconductor device with a 1 um contact hole on a 
semiconductor substrate comprising: 

depositing a layer of gate oxide on said substrate; 
depositing a doped layer of polysilicon over said gate 

oxide; 55 
anisotropically etching said poly and gate oxide to form 

the gate electrode element; 
depositing a layer of oxide over said gate electrode 

element; 

isotropically etching said oxide to form gate oxide spac- 
ers; 

depositing a layer of SIN over said gate structure; 
depositing a layer of TEOS over said SIN and said gate 
structure; 

patterning said TEOS and SIN with photoresist to define 
contact metallization hole; 
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performing an isotropic partial etch on said TEOS; 

completing said etch using an anisotropic etch on remain- 
ing said TEOS and said SIN; 

cleaning said contact hole opening with a BOE solution 
followed by a solution consisting of H 2 0 2 and water 
followed by a deionized water rinse. 

16. The method of claim 15 whereby said poly is depos- 
ited to a thickness of between about 3400 A and 3600 A. 

17. The method of claim 15 whereby said SIN passivation 
^deposited to a thickness of between about 250 A and 350 

18. The method of claim 15 whereby said TEOS passi- 
vation is deposited by CVD processing using tetraethyl 
orthosilicate as a source to a thickness of between about 
4800 A and 5200 A. 

19. The method of claim 15 wherein said contact hole is 
created using an isotropic wet etch to remove between 1300 
A and 1700 A of the TEOS. 

20. The method of claim 15 wherein a anisotropic dry etch 
of said TEOS and said SIN is performed to open said contact 
hole to said source/drain substrate surface. 

21. The method of claim 15 where said BOE cleaning 
solution contains from 8 to 10 parts ammonium fluoride 
(NH 4 F) to 1 part hydrofluoric acid (HF) mixed with water, 
and is for a duration of between 20 and 40 seconds. 

22. The method of claim 15 whereby said hydrogen 
peroxide cleaning bath is composed by volume of between 
48% and 50% active parts hydrogen peroxide (F^O^ to 
water and is between 10 and 30 minutes in duration. 

23. The method of claim 15 where the resistance of said 
deionized water is between 16 and 22 megohm-cm. 

24. A method of improving FET SAG gate passivation of 
a semiconductor device with a 1 um contact hole on a 
semiconductor substrate comprising: 

depositing a layer of gate oxide on said substrate; 
depositing a doped layer of polysilicon over said gate 
oxide; 

anisotropically etching said poly and gate oxide to form 

the gate electrode element; 
depositing a layer of oxide over said gate electrode 

element; 

isotropically etching said oxide to form gate oxide spac- 
ers; 

depositing a layer of SIN over said gate structure; 
depositing a layer of BPSG over said SIN and said gate 
structure; 

patterning said BPSG and SIN with photoresist to define 

contact metallization hole; 
etching said BPSG and SIN to open said contact hole; 
cleaning said contact hole opening with a BOE solution 

followed by a solution consisting of H 2 0 2 and water 

followed by a deionized water rinse. 

25. The method of claim 24 whereby said poly is depos- 
ited to a thickness of between about 3400 A and 3600 A. 

26. The method of claim 24 whereby said SIN passivation 
is deposited to a thickness of between about 250 A and 350 

A. 

27. The method of claim 24 whereby said BPSG passi- 
vation is deposited by CVD processing using tetraethyl 
orthosilicate as a source to a thickness of between about 
5800 A and 6200 A. 

28. The method of claim 24 wherein said contact hole is 
created using an isotropic wet etch to remove between 1300 
A and 1700 A of the TEOS. 

29. The method of claim 24 wherein a anisotropic dry etch 
of said TEOS and said SIN is performed to open said contact 
hole to said source/drain substrate surface. 
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30. The method of claim 24 where said BOE cleaning 
solution contains from 8 to 10 parts ammonium fluoride 
(NH 4 F) to 1 part hydrofluoric acid (HF) mixed with water, 
and is for a duration of between 20 and 40 seconds. 

31. The method of claim 24 whereby said hydrogen 
peroxide cleaning bath is composed by volume of between 
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48% and 50% active parts hydrogen peroxide (H^) to 
water and is between 10 and 30 minutes in duration. 

32. The method of claim 24 where the resistance of said 
deionized water is between 16 and 22 megohm-cm. 
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ABSTRACT 



A method (400) for cl eaning a semiconductor wafer. The 
method includes immersing (420) a wafer in a liquid com- 
prising water. The wafer has a front face, a back face, and an 
edge. The method also includes providing a substantially 
particle free environment adjacent to the front face and the 
back face as the liquid is being removed. A step of intro- 
ducing a carrier gas comprising a cleaning enhancement 
substance during the providing step (450) also is included. 
The cleaning enhancement substance dopes the liquid which 
is attached to the front face and the back face to cause a 
concentration gradient of the cleaning enhancement sub- 
stance in the attached liquid to accelerate fluid flow of the 
attached liquid off of the wafer. 

37 Claims, 9 Drawing Sheets 
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ULTRA-LOW PARTICLE SEMICONDUCTOR 
CLEANER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a division of application Ser. No. 08/555,634, filed 
Nov. 8, 1995 now U.S. Pat. No. 5,772,784, which is a 
continuation-in-part of application Ser. No. 08/437,541, 
filed May 9, 1995 now U.S. Pat. No. 5,571,337, which is a 
continuation-in-part of application Ser. No. 08/339,326, 
filed Nov. 14, 1994 now U.S. Pat. No. 5,634,978, the 
disclosure of which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of semiconductor 
integrated circuits. The invention is illustrated in an example 
with regard to a semiconductor integrated circuit cleaning 
technique, including a method and apparatus, but it will be 
recognized that the invention has a wider range of applica- 
bility. Merely by way of example, the invention can also be 
applied to the manufacture of raw wafers, lead frames, 
medical devices, disks and heads, fiat panel displays, micro- 
electronic masks, and other applications requiring high 
purity wet processing such as steps of rinsing, cleaning, 
drying, and the like. 

Industry utilizes or has proposed various techniques to 
rinse and dry a semiconductor wafer. An example of a 
conventional technique used to rinse a wafer is a cascade 
rinse. The cascade rinse utilizes a cascade rinser which 
includes inner and outer chambers, each separated by a 
partition. Rinse water flows from a water source into the 
inner chamber. The rinse water from the inner chamber 
cascades into the outer chamber. An in-process wafer such 
as an etched wafer is typically rinsed in the cascade rinser by 
dipping the etched wafer into the rinse water of the inner 
chamber. This process is often used to neutralize and remove 
acid from the etched wafer. 

A limitation with the cascade rinser is that "dirty water" 
often exists in the first chamber. The dirty water typically 
includes residual acid as well as "particles" which often 
attach to the wafer. These particles often cause defects in the 
integrated circuit, thereby reducing the number of good dies 
on a typical wafer. Another limitation with the cascade rinser 
is wafers from the cascade rinser must still undergo a drying 
operation. A subsequent drying operation often introduces 
more particles onto the integrated circuit. More particles on 
the integrated circuit typically farther decrease the number 
of good dies on the wafer. Accordingly, the cascade rinse 
often cannot clean or remove particles from the wafer. 

Another technique often used to rinse wafers is the "quick 
dump" method. The quick dump method relies upon the 
rapid deployment of water from the rinse tank to remove 
water and impurities from the semiconductor wafer, A 
limitation with this method is its inability to actually clean 
or remove particles from the wafer. In fact, the rapid 
deployment of water from the tank often transfers more 
particles onto the wafer. In addition, the wafers from the 
quick dump tank must still undergo a drying operation, 
further increasing the number of particles on the wafer. As 
previously noted, more particles often relates to lower die 
yields on the semiconductor wafer. 

A further technique used to both rinse and dry wafers 
relies upon a spin rinse/dryer. The spin rinse/dryer uses a 
combination of rinse water spray to rinse and centrifugal 
force to remove water from the semiconductor wafer. The 
dry step often removes the water from the semiconductor 



8,150 

2 

wafer substantially by centrifugal force and evaporation. 
However, the spin rinse/dryer often introduces more par- 
ticles onto the wafer. In fact, initially dissolved or suspended 
contaminants such as particles in the water are often left on 

S the semiconductor wafer, thereby reducing the number of 
good dies on the wafer. Another limitation with the spin 
rinse/dryer is its complex mechanical design with moving 
parts and the like. The complex mechanical design often 
leads to certain problems such as greater downtime, wafer 

1Q breakage, more spare parts, greater costs, among others. A 
further limitation is static electricity often builds up on the 
wafers during the spin cycle, thereby attracting even more 
particles onto the surface of the semiconductor. Accordingly, 
the spin rinse/drying does not clean or remove particles from 

15 the wafer. 

Other techniques used to dry wafers include an isopropyl 
alcohol (IPA) vapor dryer, full displacement IPA dryer, and 
others. These IPA-type dryers often rely upon a large quan- 
tity of a solvent such as isopropyl alcohol and other volatile 

20 organic liquids to facilitate drying of the semiconductor 
wafer. An example of such a technique is described in U.S. 
Pat. No. 4,911,761, and its related applications, in the name 
of McConnell et al. and assigned to CFM Technologies, Inc. 
McConnell et al. generally describes the use of a super- 

25 heated or saturated drying vapor as a drying fluid. This 
superheated or saturated drying vapor often requires the use 
of large quantities of a hot volatile organic material. The 
superheated or saturated drying vapor forms a thick organic 
vapor layer overlying the rinse water to displace (e.g., plug 

3 q flow) such rinse water with the drying vapor. The thick 
organic vapor layer forms an azeotropic mixture with water, 
which will condense on wafer surfaces, and will then 
evaporate to dry the wafer. 

A limitation with this type of dryer is its use of the large 

35 solvent quantity, which is hot, highly flammable, and 
extremely hazardous to health and the environment. Another 
limitation with such a dryer is its cost, which is often quite 
expensive. In fact, this dryer needs a vaporizer and con- 
denser to handle the large quantities of hot volatile organic 

40 material. Still further, it has been determined that large 
quantities of hot volatile organic material are typically 
incompatible with most photoresist patterned wafers, and 
are also detrimental to certain device structures. 
Still another technique relies upon a hot deionized (DI) 

45 process water to rinse and promote drying of the semicon- 
ductor wafer. By way of the hot DI water, the liquid on the 
wafer evaporates faster and more efficiently than standard 
room temperature DI water. However, hot water often pro- 
duces stains on the wafer, and also promotes build-up of 

50 bacterial and other particles. Hot water can also damage the 
semiconductor, thereby reducing the amount of good dies on 
the wafer. Another limitation is water is often expensive to 
heat, and hot DI water is also an aggressive solvent. As an 
aggressive solvent, it often deteriorates equipment and 

55 facilities, thereby increasing maintenance operation costs. 
As line size becomes smaller and the complexity of 
semiconductor integrated circuits increases, it is clearly 
desirable to have a cleaning technique, including a method 
and apparatus, that actually removes particles, prevents 

60 additional particles, and does not introduce stains on the 
wafers. The cleaning technique should also dry the wafers, 
without other adverse results. A further desirable character- 
istic includes reducing or possibly eliminating the residual 
water left on wafer surfaces and edges when water is 

65 removed (a meniscus). The water left on such surfaces and 
edges often attracts and introduces more particles onto the 
semiconductor wafer. The aforementioned conventional 
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techniques fail to provide such desired features, thereby FIG. 2 is a simplified cross-sectional view of a solvent 

reducing the die yield on the semiconductor during wet bubbler according to the present invention; 

processes. pjQ 3 is a simplified cross-sectional side-view of an 

From the above, it is seen that a cleaning method and embodiment of the cleaning chamber; 

apparatus for semiconductor integrated circuits that is safe, S FIG. 4 is a simplified cross-sectional front-view of an 

easy, and reliable is often desired. embodiment of the cleaning chamber; 

SUMMARY OF THE INVENTION FIG. 5 is a simplified flow diagram of an embodiment of 

The present invention provides a safe, efficient, and me cleaning method according to the present invention; 

economical method and apparatus to clean an article (or iq FIG. 6 is a simplified diagram of a high velocity flow 

object) such as a semiconductor wafer. In particular, the apparatus according to the present invention; 

present method provides an improved technique that actu- FIGS. 6A and 6B illustrate simplified diagrams of a 

ally removes or reduces the amount of particles from the nozzle according to the present invention; 

semiconductor substrate and also effectively cleans the FIGS ? and 8 are simplified fluid flow diagrams of the 

substrate. The present method also provides an in situ 15 nigh ve i oci t y flow apparatus of FIG. 6; 

cleaning system with substantially no mechanical movement „ . , _ , . , 

of the substrate 9 is a simplified diagram of an alternative embodi- 

rt I . . . , t * * mcnt of tnc high velocity flow apparatus according to the 

One aspect of the present invention provides a method for presen t invention* 

cleaning a semiconductor wafer. The present method P ' . 

includes immersing a wafer in a liquid comprising water. 20 FIGS> 10A - 10B are simplified cross-seclional view dia- 

The wafer has a front face, a back face, and an edge. The S rams of an alternative embodiment of a substrate carrier 

method also includes providing a substantially particle free according to the present invention; 

environment (e.g., ultra-clean gas, ultra-clean non-reactive FIGS. 11A-11F are simplified cross-sectional view dia- 

gas, etc.) adjacent to the front face and the back face as the grams of an alternative embodiment of a substrate carrier 

liquid is being removed. A step of introducing a carrier gas 25 according to the present invention; and 

comprising a cleaning enhancement substance (e.g., trace FIG. 12 illustrates drying effectiveness as a function of 

amount of polar organic compound, helium, surfactants, drain speed for an experiment performed according to the 

carbon dioxide, etc) during the providing step also is present invention. 

included. The cleaning enhancement substance dopes the 

liquid which is attached to the front face and the back face 30 DESCRIPTION OF THE SPECIFIC 

to cause a concentration gradient of the cleaning enhance- EMBODIMENT 

ment substance in the attached liquid to accelerate fluid flow - .„ . . . , , , - 

c ** l. j i • j cc r *u c FIG. 1 illustrates in block diagram form an embodiment 

of the attached liquid on of the wafer. r4l _ , . ^ n ,: r t 4l _ 

r . . . . , . of the cleaning system 10 according to the present invention. 

Another aspect of the invention provides an apparatus for ^ deanin system 10 includes elements such as a wet 

cleaning a semiconductor wafer. The present apparatus 35 ssor u a eoolt6ast 14> a filter bank i 6> a purger i 8; 

includes a vessel adapted to immerse a wafer in a liquid an injector 20 a heater 22> a bubbler 24> ln auxiu 

comprising water. This wafer includes a front face, a back mjector 26 and a solyent ^ ^ tem also 

face, and an edge. The apparatus also uicludes a first control inc]udes a luraU of flow yalves J0 Each of , he 

valve operably coupled to the vessel, and adapted to provide flow con(K)1 valyes b w M (o ^ controller 14 

• substantiaUy particle free environment adjacent to the front 40 ^ a( ^ Qne of ^ ^^^.j elements> as shown 

face and the back face as the liquid is being removed. A b dashed ^ 31 Thc ^ lines xat lines US6(J (o 

second control valve operably coupled to the vessel also is fluMs betwe£n each of ^ ffl elements A ^ 

provided. Tne second control valve is , adapted to introduce watcf 32 and drain 34 af6 ^ shown 

a carrier gas comprising a cleaning enhancement substance. _ . , , . 

The cleaning enhancement substance dopes the liquid which 45 Rmsc wat f r enters the s y stem at the water f 01 "^ 32 ' 

is attached to the front face and the back face to cause a Acontrol valve at the nnse water source 32 controls the flow 

concentration gradient of the cleaning enhancement sub- of nns f w ? te 7„ la i? e C0Dtroller 14 - operably coupled to the 

stance in the attached liquid to accelerate fluid flow of the <= oatro1 v ^°- ?*» nnse wat ? r 15 a J ? l,ere ^ ^ such as 

attached liquid off of the wafer. deionized (DI) water, among others. Typically the DI water 

A - ... . . , . cn originates from a DI water pad, often outside a water 

A further alternative embodiment provides an apparatus 50 ^^j^^ lant 

for holding a plurality of substrates. The apparatus includes " 

a lower support. The lower support comprises a plurality of ^ filler bank can be an y suitable combination of filters, 

first ridges, where each of the first ridges provides a support typically used for point of use applications. The filter bank 

for a lower substrate portion. The apparatus also includes an connects to the rinse water source through a line 36 and 

upper support. The upper support comprises a plurality of 55 connects to the wet processor through a line 38. The filter 

second ridges, were each of the second ridges provides a bank deludes an ion exchange module 40, a combination of 

support for an upper substrate portion. The lower substrate charged and neutral filters 41, among others. This filter bank 

portion and the upper substrate portion are defined on a provides point of use ultra-purified water. The ultra-purified 

substrate. The first ridges and the second ridges draw liquid water ^ substantially free from particles greater than about 

from the substrate 60 0-5 microns, and preferably greater than about 0.2 microns, 

A further understanding of the nature and advantages of md more V^My greater than about 0.1 microns, 

the present invention may be realized by reference to the Examples of charged filters are described and illustrated 

latter portions of the specification and attached drawings. m Application Sen No. 08/285,316, filed Aug. 3, 1994, 

entitled METHOD AND APPARATUS FOR DELIVERING 

BRIEF DESCRIPTION OF THE DRAWINGS 65 ULTRA-LOW PARTICLE COUNTS IN SEMICONDUC- 

FIG. 1 is a simplified block diagram of an embodiment of TOR MANUFACTURING (hereinafter "ULTRA-LOW 

the cleaning system according to the present invention; PARTICLE COUNTS") assigned to the present assignee, 
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and hereby incorporated by reference for all purposes. The Preferably, the carrier gas is an ultra-purified or electronic 

filter bank provides for ultra-purified DI water with particles grade nitrogen gas, or any suitable carrier gas capable of 

no greater than 0.5 microns in diameter, and preferably 0.2 carrying a cleaning enhancement substance (e.g., a trace of 

microns in diameter and less and more preferably 0.1 polar organic compound, etc.) into the wet processor at a 

microns in diameter and less. 5 desired temperature, pressure, and flow rate. The suitable 

He filter bank also provides for a nominal pressure drop can * er ^ J^ludes a high purity level to prevent 

*u iu u Tn. j ■ i *u l hc I contamination of the system elements. An example of a 

therethrough. The pressure drop is less than about 15 pounds ^ fflustrated in rjjjiKA-LOW PARTICLE COUNTS, 

per square inch and preferably less foan about 5 pounds per Jhe (of > ^ ^ or substa ntiaUy 

square inch. A higher flow rate is achieved through the filter free from artides ter than about 01 microns and 

bank without auxiliary pumps or flow/pressure enhancing 10 preferably greater than abom 0 05 microns . M previously 

devices. Of course, other filters capable of providing ultra- notcdj thc purgcr ^ supp iies pressurized carrier gas to the 

purified water for point of use applications can be used bubbler 20 and auxiliary injector 26 through lines 44 and 50, 

depending upon the application. respectively. The purger further supplies gas to the wet 

The injector 20 can be any suitable injector for reducing processor through certain alternative routes, 

or preferably eliminating metal contaminants from lines and 15 a typical route connects the purger 18 to the wet proces- 

system elements. Preferably, the injector 20 is a hydrochlo- sor 12 through the heater 22 via lines 52 and 57. In this route, 

ric acid injector. An example of an injector is discussed in the gas can be heated at the heater 22 before entering into the 

ULTRA-LOW PARTICLE COUNTS. The injector connects wet proC essor 12 through the line 57. The heater can be any 

to the wet processor 12. A control valve 42 meters the acid suitable commercially available or custom made heater 

into the wet processor 12, and a control valve 43 meters the capable of heating the gas such as nitrogen to a temperature 

acid into the filter bank 16. Preferably, the controller 14 a t the wet processor 12 greater than 70° F. and preferably 

meters such acid into the system elements such as the wet greater than 150° F., but no greater than 200° F. The 

processor 12 and the filter bank 16, among others during controller is operably coupled to the heater to adjust the 

system maintenance, and other desirable times. The injector temperature of the gas and turn-on and turn-off the gas at the 

also connects via line 44 to the purger 18. The purger 25 desired times. Preferably, however, the gas is at room 

provides clean pressurized gas to the injector to allow such temperature, and is not heated. The controller also meters the 

acid to be introduced into the aforementioned system ele- gas mto th e wet processor at a desired flow rate and time, 

ments without other auxiliary devices. Of course, the type of Alternatively, the heated gas (a carrier gas) connects to the 

injector used depends upon the particular application. ^ solvent bubbler 24 through a fine 53, before entering the wet 

A use of another chemical such as a solvent, hydrogen processor 12. The heated carrier gas mixes and dilutes 

peroxide, surfactant, cleaning solution, or the like is option- solvent from the solvent bubbler 24 before entering the wet 

ally introduced through the auxiliary injector 26. The aux- processor 12. The controller 14 is operably coupled to a 

iliary injector connects to the wet processor through a line control valve 55 to meter the heated carrier gas to the wet 

46, and is controlled by a control valve 48 operably coupled 35 processor 12. 

to the controller 14. A purger supplying pressurized gas also Another alternative route connects the purger 18 directly 

connects to the auxiliary injector 26 through a line 50. An to the wet processor 12 through a line 54. The controller 14 

example of an auxiliary injector and its operation is also js operably coupled to a control valve 56 to turn-on and 

illustrated in the ULTRA-LOW PARTICLE COUNTS. Of turn-off the gas at the desired times. The controller 14 and 

course, the type of auxiliary injector used depends upon the 4Q the control valve 56 also meter the gas into the wet processor 

particular application. 12 at a desired flow rate and time. 

A further system element is the purger 18, often used to In a further alternative route, the purger 18 connects to the 

supply gas and/or a pressure head to certain system elements solvent bubbler 24 through a line 58 before entering the wet 

such as the wet processor and others. The purger can be any processor 12. In this route, the carrier gas mixes with solvent 

suitable type of pressure reduction and/or control means 45 ( a cleaning enhancement substance) from the solvent bub- 

capable of supplying the source gas to certain system bier 24 before entering the wet processor 12. The controller 

elements at the desired pressure and flow rate. The purger is operably coupled to a control valve 60 that meters the 

connects to a source gas 49, which is often a carrier gas used carrier gas to the wet processor through the line 58. In one 

in the cleaning system. embodiment, the carrier gas contains a trace of polar organic 

Purger 49 also couples to filter 47 before the gas source. 50 solvent. This carrier gas contains a cleaning enhancement 

This filter 47 is capable of high flow rates, e.g., 1500 substance which increases fluid flow and cleans off objects 

standard liters/minute and greater. Filter 47 also has a to be cleaned. Of course, the use of any of these configu- 

retention rating at 0.003 microns. Preferably, no less than rations or combinations of such configurations depends 

about 99.9999999% of particles are removed by way of filter upon the particular application. 

47. The filter 47 is coupled between the facilities and 55 The controller 14 can be any suitable microprocessor 
cleaning system 10. The filter 47 is located before or based programmable logic controller, personal computer 
immediately before the cleaning system 10. In one controller, or the like for process control. A suitable con- 
embodiment, the filter 47 is attached to the cleaning system, trailer includes features such as programmability, reliability, 
but also can be at other locations. This filter provides for a flexibility, and durability from corrosive elements. The 
substantially particle free environment. That is, the gas is 60 suitable controller includes various input/output ports used 
substantially free from particles greater than about 0.2 to provide connections to open and close valves, regulate 
microns, or greater than about 0.1 microns, or greater than and meter fluids, among other features. The controller also 
about 0.05 microns, or greater than about 0.025 microns, or includes sufficient memory to store process recipes for 
more preferably greater than about 0.01 microns and less. desired applications. An example of a suitable controller is 
An example of such a filter is product made by Wafergard 65 illustrated in the ULTRA-LOW PARTICLE COUNTS. Of 
T-Line Cartridge Filters. Of course, other filters can be used course, the type of controller used depends upon the par- 
depending upon the application. ticular application. 
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The solvent bubbler 24 supplies a carrier gas comprising carrier support holds the substrate carrier in place, and 
a trace amount of polar organic compound (a cleaning prevents such substrate carrier from excessive movement, 
enhancement substance) to the wet processor 12 through line As shown, the bottom substrate support tilts the substrate 
62. Preferably, the cleaning enhancement substance is a carrier in a slight angle from a horizontal position. The angle 
trace of solvent. The purger 18 supplies the carrier gas to the 5 tends to prevent substrates from sticking to each other 
solvent bubbler through line 66. To regulate or meter the during certain rinse and dry operations. Hie angle from the 
flow of the solvent into the wet processor, the controller horizontal position ranges from about 2° to about 15°, and 
operably couples a control valve 64 connected to the line 66, is preferably determined by the characteristics of the par- 
attached to the solvent bubbler. The system also provides the ticular carrier. By keeping each of the substrates separated, 
solvent source 28 such as a bottle or canister of the desired 10 liquid does not accumulate therebetween, thereby decre as- 
chemical, ing the amount of liquid and therefore particles from accu- 

The solvent bubbler can be any suitable solvent bubbler mulating on the substrate, 

system for use with the wet processor, carrier gas, and Each substrate carrier support includes a contact point on 

solvent. An example of a solvent bubbler system is repre- the substrate carrier to drain liquid such as water from the 

sented by the simplified illustration of FIG. 2. The solvent 15 substrate carrier surface. The contact point is typically a 

bubbler system 100 includes a solvent bubbler vessel 102 knife edge, serrated edge, or any other shape that breaks the 

and a solvent source 104. The solvent bubbler vessel 102 surface tension of the liquid on the substrate carrier surface, 

connects to a carrier gas source at an inlet 106. Asparger 110 By breaking the surface tension of the liquid on the substrate 

sparges carrier gas 114 as bubbles into the solvent 112 at a carrier, the liquid with particles drains (or "wicks") off of the 

lower portion of the solvent bubbler vessel. As the carrier 20 substrate carrier more easily. Removing the liquid with 

gas bubbles float up through the solvent, the carrier gas particles from the substrate carrier tends to promote drying 

bubbles accumulate with solvent. Carrier gas bubbles with and rinsing of each of the substrates in a particle free 

solvent escape into the vapor head space 116 of the solvent manner. 

bubbler vessel 102, and exit the solvent bubbler vessel The substrate support 249 provides lift and a contact point 

through outlet line 108. This carrier gas with solvent gen- 25 {Q each of the substrates 2 44 within the substrate carrier. To 

erally behaves according to ideal gas laws or the like. A more easily appreciate the features of the substrate support, 

solvent fill inlet 118 also is connected to the solvent bubbler j t should be noted that each of the substrates in a conven- 

vessel 102. A solvent source 104 and solvent 120 are further tional substrate carrier touches the substrate carrier in at 

shown. Alternatively, the solvent can be introduced into the i east lnree i arge reg ions. Each of the substrates is also 

carrier gas by mechanical means, e.g., ultrasonic, 30 relatively close to the insides of the substrate carrier, 

megasonic, mister, etc. Accordingly, liquid easily accumulates and is often trapped 

FIG. 3 is a simplified cross-sectional side-view 200 on edges of each of the substrates, 
embodiment of the cleaning chamber according to the j 0 re duce this effect, the substrate support lifts the sub- 
present invention. The side-view embodiment 200 includes strates in the substrate carrier by elevating each of the 
a main chamber 210, a lid 220, a lower drain region 231, and substrates in the carrier with a knife edge. By lifting each of 
other elements. The main chamber 210 includes the process the substrates in the substrate carrier, the substrate edges are 
region 240 (or lower chamber region) and upper chamber further away from insides of the carrier, thereby allowing 
region 215. A cascade drain region 250 also is shown. Of liquid to flow free from the region between the substrate 
course, other chamber elements also may be present depend- edges and carrier insides. To further promote the removal of 
ing upon the particular application. liquid from each of the substrates, the knife edge is prefer- 

The lid 220 is preferably a sealed lid. The sealed lid ably pointed, serrated, or any other shape that easily breaks 

includes a handle 222, O-ring type seal 224, a compression the surface tension of the liquid at the bottom of each 

ring 226, a hinge 228, a gas inlet 230, among other features. substrate. By breaking the surface tension of liquid at the 

The compression ring 226 provides outward force onto a 45 substrate bottom edges, liquid flows free from the substrate 

horizontal portion 225 of the main chamber housing to seal bottom edges, thereby reducing the meniscus at such edges, 

the contents of the main chamber. The O-ring type seal 224 The knife edge lifts each of the substrates at least 2 mm from 

provides a horizontal seal between vertical surfaces of the the bottom insides of the carrier, and preferably lifts each of 

lid and main chamber housing. The gas inlet 230 includes at the substrates about 5 mm, but no more than about 20 mm. 

least a carrier gas inlet and solvent gas inlet. Of course, the 5Q The substrate carrier support removes liquid such as water 

exact configuration of the gas inlet depends upon the par- from the substrates, thereby decreasing the amount of water 

ticular application. and in particular the particles in the water. 

The process region 240 includes a substrate carrier 242, To add and drain liquid into the main chamber, and in 

substrate carrier support 246, 248, and substrate support particular the process region, the lower drain region 231 

249, As will be described in greater detail below, the 55 includes a fill inlet 232 and drain valve 236. The fill inlet 

substrate carrier and substrate support are configured and provides liquid such as DI water and the like into the process 

arranged to minimize liquid accumulation as liquid is region. The drain valve 236 removes liquid from the process 

drained away in the drying process. region through the drain outlet 236. A plurality of drain holes 

In a specific embodiment, the substrate carrier is a wafer 238 also exist at the bottom of the main chamber in the 

boat or alternatively a half wafer boat or any other type of 60 process region to distribute the liquid evenly therethrough, 

substrate carrier with a lower profile. The half wafer boat or Tb c lower drain region also includes an angled drain floor 

lower profile boat holds or accumulates less liquid than its 237 at the bottom of the main chamber to facilitate liquid 

full boat counterpart, and therefore drains liquid faster and transfer, and a flat support surface 239 in the process region 

more easily. The carrier includes substrates (e.g., wafers) t0 support the substrate carrier support. 

244 disposed within the supports of the carrier. The carrier 65 A cascade region 250 allows liquid to cascade out into 

is supported by a side substrate carrier support 246 and cascade drain region 253. To rinse certain chemicals from 

bottom substrate carrier support 248. The side substrate the substrate carrier and substrates, ultra -purified DI water 
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enters through the fill inlet 237, rises through the drain holes 
238, flows through the process region 240, and cascades 
over a partition 252 into the cascade drain region 253. This 
sequence of steps removes excess chemicals such as acids or 
the like from the substrate carrier and substrates, and also 
keeps such chemicals from accumulating in the main cham- 
ber and in particular the process region. 

FIG. 4 illustrates a simplified front view of the cleaning 
chamber according to the present invention. For easy 
reading, FIG. 4 uses some of the same reference numerals as 
the FIG. 3 embodiment. The front-view embodiment shows 
elements such as the main chamber 210, the lid 220, the 
lower drain region 231, the process region 240, among 
others. The main chamber 210 includes the process region 
240 and upper chamber region 215. 

As shown, the substrate support 249 lifts each of the 
substrates from the substrate carrier to form a gap 260 
between substrate edges and substrate carrier insides. The 
gap prevents liquid from accumulating between such sub- 
strate edges and substrate carrier insides. The gap is no 
greater than about 20 mm, but is larger than about 2 mm. The 
substrate support is a knife edge with triangular point 251. 
Other shapes may also be used to break the meniscus at the 
bottom of the substrate edges and remove water therefrom. 
The meniscus often forms at the bottom substrate and 
surface edges as liquid is being removed from the substrates. 
As previously noted, the meniscus often contains particles, 
often detrimental to the manufacture of an integrated circuit. 

The front view also shows the substrate carrier supports 
248. As shown, each of the substrate carrier support is 
arranged with different heights, typically lower to higher 
from one side of the process region to the other side of the 
process region. The different heights of the substrate carrier 
support tilt the position of the substrate carrier from hori- 
zontal. The tilt or angle of the substrate carrier also tilts the 
substrates, thereby preventing such substrates from sticking 
to each other during certain rinse and dry operations. 

The front view further shows certain gas inlets 302, 304, 
and 306. Each of the gas inlets is a distribution plenum with 
a plurality of holes for distributing gas evenly over the 
process region. The embodiment includes two outside gas 
inlets 302 and 304, and a center carrier gas inlet 306. The 
two outside gas 302, 304 inlets generally introduce an 
ultra-pure non-reactive (e.g., non-oxidizing, non-reactive, 
inert, etc.) gas into the cleaning chamber. In some 
embodiments, the two outside gas inlets provide ultra-pure 
nitrogen to purge the main chamber from the environment, 
thereby creating an ultra-clean main process region, e.g., 
substantially free from particles. In these embodiments, the 
nitrogen gas (or absence of oxygen gas) is necessary or even 
critical to prevent the formation of oxidation on the 
substrate, e.g., semiconductor wafer, etc. The center gass 
inlet introduces the carrier gas comprising the cleaning 
enhancement substance. The non-reactive gas (or nitrogen) 
mixes with the carrier gas comprising cleaning enhancement 
substance in the cleaning chamber. By way of the ultra-pure 
non-reactive gas and carrier gas, the chamber is substantially 
free from particles greater than about 0.2 microns, and is 
preferably substantially free from particles greater than 
about 0.1 microns, thereby creating an ultra-pure and ultra- 
clean environment. Of course, the number of inlets and their 
use depend upon the particular application. 

FIG. 5 is a simplified flow diagram 400 of an embodiment 
of a cleaning method according to the present invention. The 
rinse method is illustrated as a cleaning method for a 
recently wet etched substrate. The wet etched substrate for 
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illustrative purposes is etched in a solution of hydrofluoric 
acid (HF) or buffered hydrofluoric acid (BHF). Hydrofluoric 
acid is often used to remove oxides from surfaces of a 
semiconductor wafer. As merely an example, this embodi- 
s ment should not be taken as limiting the scope of the present 
invention. 

The flow diagram begins 400 by receiving a recently 
etched substrate (etched wafer) 410 from the BHF etch. The 
etched substrate has no oxide layer thereon from the BHF 

10 etch, and is predominately hydrophobic in characteristic. A 
step 420 of immersing the etched substrate in the bath of 
ultra-purified DI water follows. The etched substrate is 
immersed into the DI water from the acid bath in about 5.0 
seconds or less, and preferably about 2.5 seconds and less. 

15 The step of immersing the etched substrate immediately 
into the DI water substantially prevents formation of silicon 
dioxide from the oxygen in air, and promotes the formation 
of a thin but clean high grade silicon dioxide layer from the 
ultra-purified DI water. The DI water is substantially free 

20 from particles and therefore forms a substantially particle 
free silicon dioxide layer. The DI water can be at room 
temperature (e.g., 20° C) or an elevated temperature, e.g., 
25° C, 30° C, 40° C, 45° C, etc. 

To remove acid such as the HF from the surface of the 

25 substrate, the ultra-purified DI water in the main chamber (or 
vessel) flows across the substrate and cascades over into a 
drain. The DI water cascade carries excess acid into the drain 
and reduces the acid concentration in the vessel. 

30 Optionally, the DI water in the vessel may be removed by 
dumping it (step 440) into a bottom drain dump. Preferably, 
the dumping step is a partial dump, and not a complete dump 
or removal of DI water. During the removal of the DI water, 
an ultra-pure gas (non-reactive) replaces the DI water. A 

35 typical gas includes filtered nitrogen and others. The filtered 
gas also is ultra -clean, e.g., substantially free from particles. 

After replacing the DI water with the clean gas, clean DI 
water from the DI water source flows into the main chamber 
to cover the surface area of the substrate. These aforemen- 

40 tioned steps may be repeated (branch 445) alone or in any 
combination until substantially no residual acid exists (test 
442) on the substrate. 

When residual acid has been substantially removed from 
the substrate, a carrier gas, including a cleaning enhance- 

45 ment substance (e.g., trace amount of polar organic 
compound, helium, carbon dioxide, etc.), is introduced (step 
450), and mixes with ultra-pure non-reactive gas and 
replaces the DI water. In one embodiment, the trace of polar 
organic compound in the gases includes a concentration 

so ranging from about 1,000 ppm and less to about 500 ppm 
and less. The polar organic compound also can be at other 
concentrations, but is generally not saturated or superheated. 
The carrier gas is preferably ultra -pure nitrogen with a trace 
of polar organic compound such as isopropyl alcohol, 

55 di-acetone alcohol, l-methoxy-2-propanol, and others. The 
carrier gas is also substantially free from particles of about 
0.20 microns to about 0.15 microns, and is preferably free 
from particles of about 0.10 microns or less. For a typical 
batch of substrates in a conventional substrate boat, the 

60 amount of polar organic organic compound used is prefer- 
ably less than a milliliter. 

The trace of polar organic compound is made by bubbling 
carrier gas into a liquid solution of polar organic compound. 
In particular, the polar organic compound is made by flow- 

65 ing cold or hot nitrogen through a solution of polar organic 
compound at a rate of about 3 cubic feet/min. or less. The 
carrier gas comprising the polar organic compound then 
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mixes with either cold nitrogen at a flow rate of about 5 
cubic feet/min. and less, or hot nitrogen at a flow rate of 
about 10 cubic feet/min. and less. A temperature of such hot 
nitrogen carrier gas is at about 70° F. and higher but not 
greater than 250° F., and is preferably about 185° F. and less. 5 
By mixing nitrogen gas with the carrier gas comprising the 
polar organic compound, the polar organic compound is 
substantially dilute (or a non-saturated vapor) in the main 
chamber. 

The mixed carrier gas, including the polar organic com- 10 
pound and nonreactive gas, comes in contact with the 
attached DI water on the wafer, which is being drained off 
at a slow rate. This tends to remove particles from such 
substrate. A carrier gas, including isopropyl alcohol, 
l-methoxy-2-propanol, di-acetone alcohol, or other polar 
organic solvents mixed with non-reactive gas, replaces the 15 
DI water at a rate of about 4 mm/second or less as measured 
from the substrate face, and is preferably at a rate of about 
1 mm/second and less. 

The trace of polar organic compound is believed to 
remove a substantial portion of the liquid on the substrate 20 
surface through a concentration gradient or mass transfer 
effect, e.g., Marongoni flow. This effect tends to increase the 
flow of liquid from the substrate surface through use of a 
solvent or any cleaning enhancement substance., but does 
not remove all liquid from the substrate surface. It is 25 
generally believed that the trace of polar organic compound 
in the gas changes the angle of the liquid meniscus on the 
substrate face to reduce surface tension of the liquid attached 
to the substrate face, thereby increasing fluid flow therefrom. 
It is also generally believed that the trace amount of the polar 30 
organic compound dopes the liquid attached to the substrate 
face to cause a concentration gradient of the polar organic 
compound in the attached liquid to accelerate fluid flow of 
the attached liquid off of the substrate face. In particular, the 
polar organic compound forms a concentration gradient 35 
along a boundary layer of liquid attached to the substrate 
surface, which facilitates the fluid flow therefrom. This fluid 
flow pulls or draws off any particles from the substrate face. 
These particles are less than about 0.5 microns in diameter 
or preferably 0.2 microns in diameter or more preferably 0. 1 40 
microns in diameter. Preferably, the carrier gas also is not 
heated but is at room temperature, e.g., 18° to 22.5° C. 

In certain embodiments, a thin boundary layer of liquid 
still remains on the substrate face after liquid is removed 
from the chamber. This boundary layer often ranges from 45 
about 1,000 A and less and is preferably 500 to about 50 A, 
and is more preferably at about 100 A and less. In one 
embodiment using isopropyl alcohol as the polar organic 
compound, the boundary layer is about 500 A and less. In an 
embodiment using l-methoxy-2-propanol, the boundary 50 
layer is about 100 A and less. A further drying step can be 
used to evaporate such boundary layer. 

In alternative embodiments, the gas (i.e., ultra-pure gas) is 
substantially free from any polar organic compounds, 
organic compounds, or the like. Like the previous 5s 
embodiments, the gas replaces the DI water (step 450) being 
drained, removing water from the surface of the substrate, 
and also tends remove particles from such substrate via the 
DI water. The gas replaces the DI water at a rate of about 
2.50 mm/second or less as measured from the substrate face, 60 
and is preferably at a rate of about 1.25 mm/second and less, 
and is more preferably at a rate of about 0.60 mm/second or 
less. In such embodiments, the present invention uses sub- 
stantially no harmful solvents or the like, and is therefore 
even more safe, efficient, and economical. 65 

A step of drying (step 460) is performed on the substrate 
and carrier for further drying, if necessary. The step of 



drying substantially removes all liquid droplets adhering to 
surfaces such as substrate edges, carrier edges, and the like. 
In one embodiment, drying occurs by pulse flow drying. The 
step of pulse flow drying occurs by way of high velocity 
flow apparatus 600 illustrated in FIGS. 6, 6 A, and 6B. The 
high velocity flow apparatus can be adapted into the present 
rinse chamber 200 among other systems. The high velocity 
flow apparatus includes a plurality of nozzles 601 directed 
over a substrate carrier 242. The substrate carrier 242 
includes a plurality of substrates 244, each having residual 
amounts of liquid at their edges. Each substrate may have a 
liquid volume ranging from about 1.0 milliliter to about 0.2 
milliliter but is preferably less than about 0.5 milliliter. The 
plurality of nozzles 601 is defined by a first set of nozzles 
603 (first nozzle set), a second set of nozzles 605 (second 
nozzle set), and others. 

The first nozzle set 603 is directed to the front side 607 of 
the substrates 244. The first nozzle set directs drying fluid at 
substrate edges 609 adjacent to the substrate carrier sides 
246. The drying fluid can be any suitable fluid capable of 
removing liquid from the substrate edges and substrate 
surfaces. The drying fluid is preferably ultra-pure nitrogen 
and the like, but may also be a variety of other gases or 
gaseous mixtures. The first nozzle set preferably includes at 
least two nozzles, each placed at a location to direct drying 
fluid towards the substrate edges 609 adjacent to the sub- 
strate carrier sides. In the first nozzle set, a first nozzle Al 
611 is directed to the substrate edges 609 at one side of the 
substrate carrier, and a second nozzle A2 615 is directed to 
the substrate edges 609 at the other side of the substrate 
carrier. 

The second nozzle set 605 is directed to the back side 619 
of the substrates 244. The second nozzle set directs drying 
fluid at substrate edges 609 adjacent to the substrate carrier 
sides 246. The second nozzle set preferably includes at least 
two nozzles, each placed at a location to direct drying fluid 
towards the substrate edges adjacent to the substrate carrier 
sides. In the second nozzle set, a first nozzle Bl 621 is 
directed to the substrate edges at one side of the substrate 
carrier, and a second nozzle B2 625 is directed to the 
substrate edges at the other side of the substrate carrier. 

The nozzle can be any suitable nozzle capable of enabling 
the drying fluid to flow over the substrate edges and remove 
liquid therefrom as illustrated by fluid flow distribution 
patterns in FIGS. 7 and 8. FIG. 7 illustrates a simplified 
side-view diagram of the apparatus of FIG. 6 according to 
the present invention. As shown, nozzles Al, A2, B2, and B3 
direct drying fluid at the substrate edges (not shown) to 
preferably cover the inner surface area of the substrate 
carrier 242. Optionally, the apparatus can also include 
additional nozzles CI and C2. Nozzles CI and C2 are 
directed toward the substrate carrier front and back sides. 

FIG. 8 illustrates a simplified front -view diagram of the 
nozzles Al and A2 for the apparatus of FIG. 6 according to 
the present invention. Nozzles Al and A2 direct drying fluid 
at the substrate edges along a front portion of the substrates. 
The nozzle is preferably narrow and long to produce a fluid 
flow at high velocity to cover the desired number of sub- 
strates. Each nozzle produces a fluid flow of, for example, 
nitrogen gas ranging from about 250 to about 350 standard 
cubic feet per hour, and is preferably about 300 standard 
cubic feet per hour. The pressure of the nitrogen gas at the 
nozzle opening ranges from about 80 to about 90 psia, and 
is preferably about 85 psia. A nozzle Al also includes an 
opening 669 having a width of about 0.025 inch and a height 
of about 0.375 inch 673 as illustrated in FIGS. 6A and 6B. 
As shown, FIG. 6 A illustrates a simplified cross-sectional 
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side view of the nozzle, and FIG. 6B illustrates a simplified 
cross-sectional front view of the nozzle. The nozzle opening 
671 includes an angle 0 ranging from about 20 degrees to 
about 80 degrees, but is preferably about 75 degrees and 
less. The angle 0 may also be defined by a first angle Q 1 and s 
second angle 0 2 . The first angle may be different from the 
second angle but can also be the same. Of course, other flow 
rates, pressures, and nozzle dimensions can be used depend- 
ing upon the particular application. 

Each nozzle is positioned to direct drying fluid to the 10 
substrate edges and portions of the substrate surface, The 
nozzle is directed to an inner edge of the substrate carrier to 
promote the removal of liquid between the substrate edges 
and the carrier sides. The nozzle is defined between about 
0.5 inch to about 2 inches from an outside edge of the 15 
substrate carrier. The nozzle is placed at an angle from about 
5° to about 85°, and is preferably about 45° from a line 
perpendicular from the substrate surface. Of course, the 
exact angle used depends upon the particular application. 

Drying occurs by directing drying fluid from the first 20 
nozzle set and the second nozzle set in an alternating 
sequence against the substrate edges and portions of the 
substrate surfaces. For example, the first nozzle set sends a 
pulse of drying fluid against the substrate edges and portions 
of the front substrate surfaces, then the second nozzle set 25 
sends a pulse of drying fluid from the opposite direction 
against the substrate edges and portions of the back substrate 
surface. The drying fluid pulses from the first nozzle set and 
the second nozzle set alternate until no more liquid remains 
on the substrate edges. 30 

In removing water from the substrate edges, the second 
nozzle set has a pulse duration which is longer than the pulse 
duration of the first nozzle set. Water adheres on the back- 
side of the substrate and substrate edges on a conventional 35 
semiconductor wafer with a greater attractive force than the 
front-side of the substrate. Accordingly, it is often preferable 
to have a pulse duration at the second nozzle set which is at 
least two times longer than the pulse duration at the first 
nozzle set. The pulse duration at the second nozzle set can 4Q 
also be three times longer or more than the pulse duration at 
the first nozzle set. The pulse duration for the first nozzle set 
ranges from about 1 to 3 seconds and greater, and the pulse 
duration for the second nozzle set ranges from about 2 to 6 
seconds and greater. The number of pulses is preferably 45 
greater than 5 for each substrate side for a total of about 30 
seconds of total pulsing time. Of course, other selected 
pulses among the first and second nozzle sets may also be 
performed, depending upon the particular application. 

Optionally, pulse flow drying is followed by flowing hot 50 
nitrogen gas over the substrate carrier (step 470). The hot 
nitrogen gas is ultra-pure nitrogen gas with a temperature at 
about 70° F. and is preferably greater than 150° F., but no 
greater than 200° F. The combination of hot nitrogen and 
pulse flow drying reduces actual drying time by about one 55 
half, as compared to drying solely by means of hot nitrogen 
and the like. Alternatively, a drying gas such as nitrogen can 
be used alone to dry the wafer. Of course, other carrier gases 
and combinations thereof may also be used depending upon 
the particular application. <j 0 

FIG. 9 is a simplified diagram of an alternative embodi- 
ment of the high velocity flow apparatus 900 according to 
the present invention. The high velocity flow apparatus 
includes a plurality of nozzles 901 directed over a substrate 
carrier 242. The substrate carrier 242 includes a plurality of 65 
substrates 244 (not shown), each having residual amounts of 
liquid at their edges. Each substrate may have a liquid 



volume ranging from about 1.0 milliliter to about 0.2 
milliliter but is preferably less than about 0.375 milliliter. 
The plurality of nozzles 901 is defined by a first set of 
nozzles 903 (first nozzle set), a second set of nozzles 905 
(second nozzle set), a third set of nozzles 907 (third nozzle 
set), a fourth set of nozzles 909 (fourth nozzle set), and 
others. 

The nozzles are placed at selected locations surrounding 
the substrate carrier, and in particular the substrates disposed 
in the substrate carrier. The first nozzle set Al, A2 is placed 
at an end 908 of the substrate carrier facing the substrate 
faces, and the second nozzle set Bl, B2, is placed at the other 
end 910 of the substrate carrier facing the back-side of the 
substrates. The third nozzle set includes nozzles A3, A4 
which face each other and are disposed adjacent to a first 
portion 911 of the substrate carrier edges. The fourth nozzle 
set includes nozzles B3, B4 also face each other and are 
disposed adjacent to a second portion 913 of the substrate 
carrier edges. The design of each nozzle is similar to the 
previous embodiment, but each nozzle covers less area than 
the previous embodiment. 

In removing residual water from the substrates, each set 
of nozzles is pulsed in a selected pattern. For example, the 
pulse pattern begins by pulsing drying fluid at nozzles Al, 
A2 followed by nozzles A3, A4 followed by nozzles Bl, B2 
followed by nozzles B3, B4, and the sequence repeats as 
often as it is necessary to remove substantially all water from 
the substrate. Alternatively, the pulse pattern begins at 
nozzles B3, B4 followed by nozzles Bl, B2 followed by 
nozzles A3, A4 followed by nozzles Al, A2, and the 
sequence then repeats as often as it is necessary to remove 
substantially all water from the substrate. 

Optionally, the pulse drying is followed by flowing hot 
nitrogen gas over the substrate carrier. The hot nitrogen gas 
is ultra-pure nitrogen gas with a temperature at about 70° F. 
and is preferably greater than 150° F., but no greater than 
200° F. The hot nitrogen gas flows over the substrates for a 
period of time of at least 30 seconds and more, or preferably 
50 seconds and more. The combination of hot nitrogen and 
pulse drying reduces actual drying time by about one half, 
as compared to drying solely by means of hot nitrogen and 
the like. The pulse drying step removes or evaporates liquid 
from the boundry layer. Pulse drying also removes or 
evaporates liquid on edges of the substrate. Alternatively, 
hot nitrogen gas alone can be used to dry the wafer. Of 
course, other carrier gases and combinations thereof may 
also be used depending upon the particular application. 

Another method to rinse and dry HF etched substrate 
includes a selected sequence of the aforementioned steps. A 
solution of HF etches silicon dioxide off the semiconductor 
substrate. To stop etching, the substrate is quickly immersed 
into ultra-pure DI water in a vessel. After immersing the 
etched substrate into the DI water, the vessel is purged with 
filtered nitrogen gas. The nitrogen gas flows at a rate of 
ranging from about 1 cubic feet/min. to about 10 cubic 
feet/min., and is preferably at about 2 cubic feet/min. 

To further rinse and remove acid from the substrate, DI 
water flows past the substrate and cascades from a top 
portion of the vessel into a drain to cascade rinse the 
substrate. A quick dump follows the cascade rinse. 
Preferably, the quick dump occurs at a rate where the liquid 
level drops at a rate greater than about 20 mm/sec. as 
measured from a substrate face. During the quick dump, 
clean nitrogen gas replaces the DI water, thereby preventing 
any oxidation of the substrate from air. Clean DI water fills 
the vessel and replaces the nitrogen to re -immerse the 
substrate in the DI water. 
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A combination of a carrier gas, including a cleaning 
enhancement substance, mixed with ultra-pure non-reactive 
gas then slowly replaces the DI water to remove substan- 
tially all acid off the substrate. The slow replacement step 
substantially eliminates any water from the substrate edges 
(a meniscus). After another sequence of quick DI water fills 
and partial dumps, another gaseous mixture, including car- 
rier gas and cleaning enhancement substance, replaces the 
DI water. Substantially, all water is removed from the 
substrate at this time. The cleaning enhancement substance 
reduces the surface tension of the liquid on the substrate to 
enhance fluid flow therefrom. During removal of the liquid, 
it pulls particles off the substrate surfaces, thereby cleaning 
the substrate. To further dry the substrate and carrier, warm 
or hot nitrogen is pulsed into the vessel. The nitrogen 
includes a temperature ranging from about 70° F. to about 
250°F. 

As previously noted, alternative embodiments use a gas 
without any polar organic compound or the like to replace 
the DI water. In such embodiments, the gas replaces the DI 
water at a rate of about 2.50 mm/second or less as measured 
from the substrate face, and preferably at a rate of about 1 .25 
mm/second and less, and more preferably at a rate of about 
0.80 mm/second or less. The gas without any polar organic 
compounds or the like may also be nitrogen at a temperature 
ranging from about 70° E to about 250° F. To further dry the 
substrate and carrier, warm or hot nitrogen is pulsed into the 
vessel. The nitrogen includes a temperature ranging from 
about 70° F. to about 250° F. 

The aforementioned methods also include the use of a 
certain substrate support and a substrate carrier support to 
enhance wicking or to draw liquid away from the substrate 
and carrier. For example, the substrate support includes a 
knife edge that lifts the substrates to prevent accumulation of 
water at the substrate edges, and in particular the substrate 
bottom edges. The substrate carrier support wicks or draws 
the water from the surface of the substrate carrier, and also 
puts a slight tilt from horizontal on such carrier. 

The slight tilt of the substrate carrier also tilts the 
substrates, which tends to prevent them from sticking to 
each other. As previously noted, sticking substrates often 
accumulate water therebetween. The accumulation of water 
also accumulates particles, which may be in the water. By 
removing the water and particles from the substrate, the 
present method provides higher device yields on a typical 
semiconductor substrate. 

FIGS. 10A-10B are simplified cross-sectional view dia- 
grams of a substrate carrier 1000 according to the present 
invention. This substrate carrier is for a disk 1001 or the like. 
The substrate carrier includes a lower support beam 1005, an 
upper support beam 1003, and a plurality of center support 
beams 1011, 1013, and 1015. The support beams support or 
hold the disk 1001 in its place. The disk is often a flat 
circular shaped article with an opening in its center region. 
The disk can be made of almost any type of material such as 
metal, plastic, and others. This disk has an inner periphery 
1009, an outer periphery 1007, a face 1008, and other 
elements. In this embodiment, the inner periphery 1009 and 
the outer periphery 1007 are circular in shape. But the shape 
also can be square, rectangular, or the like. The face is 
substantially flat, but may also have small ridges thereon. In 
certain embodiments, the face can be porous. 

The support beams also have knife edges 1017 that draw 
fluid or liquid away from the disk by breaking the surface 
tension of the fluid or liquid attached to the disk. Typically, 
the fluid or liquid accumulates along edges of the inner and 
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outer periphery. The support beams are located surrounding 
the periphery of the disk to draw fluid evenly from the disk. 
Preferably, the support beams are spaced apart from each 
other at a relatively equal distance. 

5 The center support beams are illustrated by FIG. 10B. The 
center support beams include the upper center support 
beams 1013, 1015, and the lower center support beam 1011. 
Preferably, each of the support beams has a knife edge 1017 
or ridges thereon. The ridges have outer bevelled portions 

10 1021, 1023, a lower center portion 1025, and a higher center 
portion 1027. Preferably, the lower center portion is defined 
at a lower region where the bevelled portions meet. The 
upper center portion is defined at a higher region where the 
bevelled portions meet. An angle 0 1 defining the lower 

15 center portion between the bevelled portions ranges from 
about 85° to about 150°, and is preferably about 90° to about 
120°. An angle 0 2 defining the upper center portion between 
the bevelled portions ranges from about 85° to about 150°, 
and is preferably about 90° to about 120°. The angles 8j, 6 2 

20 are selected to draw liquid or fluid away from the disk, 
thereby enhancing fluid flow or drying. 

One of the center support beams is adjustable in the 
y-direction. In this embodiment, the upper center support 
beam 1015 adjusts its location along the y-axis. This adjust- 

25 ment also allows the upper center support beam to firmly 
engage and hold the inner periphery 1009 of the disk 1001. 
Engagement of the center support beams onto the inner 
periphery of the disk draws residual fluid on edges of the 
inner periphery along each center support beam. Preferably, 

30 the upper center support beam is also adjustable in the 
x-direction. More preferably, each of the center support 
beams is adjustable in both the x-direction and the 
y-direction in the same plane. This adjustment allows for the 
center support beams to engage with the inner periphery of 

35 the disk. 

The center support beam can be made of any suitable 
material, but its surface is preferably hydrophilic to draw 
water away from the disk (refer to arrows). The surface can 

4Q be made of metal such as stainless steel, steel alloys, or 
others. The surface also can be made of plastics, glass, 
quartz, or the like. The material needs to have sufficient 
strength for durability, chemical resistance, and structural 
integrity. Of course, the type of material used and its surface 

45 depend upon the application. 

FIGS. 11A-11F are simplified diagrams of a further 
alternative embodiment 1100 of a substrate carrier according 
to the present invention. FIG. 11A is a side-view diagram of 
the substrate carrier 1100. The substrate carrier includes a 

50 plurality of walls 1101 and a plurality of substrates 1102 
disposed therebetween. The substrates can be almost any 
type of substrate such as a semiconductor wafer or the like. 
Of course, the type of substrate used depends upon the 
particular application. Generally, fluid accumulates on edges 

55 of the substrate after cleaning or removing liquid from the 
substrate surfaces. 

A plurality of lower substrate supports 1106, 1108, and an 
upper substrate support 1104 are also shown. Each of the 
substrate supports has knife edges 1107 engaged along the 

60 substrates' edges, which are used to draw fluid or liquid 
from the substrate edges. As previously noted, the knife 
edges break the surface tension of the fluid on the substrate 
edges, and draw such fluid often with particles therefrom. 
This tends to remove residual or unwanted fluid from the 

65 substrate, and in particular the substrate edges. 

A front-view diagram of the substrate carrier 1100 is 
shown by FIG. 11B. The front -view diagram includes the 
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substrate 1102 having a face 1112 and substrate edges 11U 
(or an outer periphery). Three lower substrate supports 1106, 
1108 are located near the bottom portion of the substrate 
1102. Lower substrate support 1106 is located at a center 
bottom portion of the substrate, and is perpendicular to the 
x-direction. Lower substrate supports 1108 are located per- 
pendicular to the x-direction at an upper bottom portion of 
the substrate. These substrate supports are disposed along 
the bottom surface of the substrate to support such 
substrates, and draw any residual liquid from the substrate 
edges. The upper substrate support 1104 is disposed perpen- 
dicular to the x-direction, and engages with an upper center 
portion of the substrate. Preferably, the upper center portion 
is in-line in the y-direction with lower substrate support 
1106, but also can be at other locations. Preferably, the upper 
substrate support 1104 firmly engages with the upper center 
portion of the substrate. This upper substrate support 1104 
breaks the surface tension of fluid on the substrate edges, 
and draws such fluid off, thereby enhancing substrate drying. 

FIGS. 11C and 11 D illustrate a top -view diagram of the 
substrate carrier and a bottom-view diagram of the substrate 
carrier, respectively. As shown, the upper substrate support 
1104 is located overlying a center portion of the substrates 
along the z-direction. Bottom substrate supports 1106, 1108 
run parallel to each other in the z-direction. These substrates 
supports also are spaced evenly among each other. 
Alternatively, the upper substrate support and bottom sub- 
strate support also can be at other locations. 

FIGS. 11E and 11F illustrate an example of a substrate 
support according to the present invention. This substrate 
support can be any of the above substrate supports 1104, 
1106, and 1108. The substrate support 1117 includes a 
notched portion which engages with a side 1115 of the 
substrate carrier. This notched portion on the substrate 
support can be adapted to any conventional substrate carriers 
for use with the present invention. Engagement between the 
substrate support 1117 and the side 1115, however, also can 
occur using other techniques such as welding, bonding, or 
other engagement means. 

The substrate support can be made of any suitable 
material, but its surface is preferably hydrophilic to draw 
water away from the substrate (refer to arrows). The surface 
can be made of metal such as stainless steel, steel alloys, or 
others. The surface also can be made of plastics, glass, 
quartz, or the like. The material needs to have sufficient 
strength for durability, chemical resistance, and structural 
integrity. Of course, the type of material used and its surface 
depend upon the application. 

Each of the support beams has a knife edge 1107 or ridges 
thereon. The ridges have outer bevelled portions 1121, 1123, 
a lower center portion 1125, and a higher center portion 
1127. Preferably, the lower center portion is defined at a 
lower region where the bevelled portions meet. The upper 
center portion is defined at a higher region where the 
bevelled portions meet. An angle Q 1 defining the lower 
center portion between the bevelled portions ranges from 
about 85° to about 150°, and is preferably about 90° to about 
120°. An angle 0 2 defining the upper center portion between 
the bevelled portions ranges from about 85° to about 150°, 
and is preferably about 90° to about 120°. The angles d lt 6 2 
are selected to draw liquid or fluid away from the disk, 
thereby enhancing fluid flow or drying. 

In addition, the aforementioned cleaning method occurs 
without movement of the substrate. In fact, the substrate 
carrier remains substantially stationary after being 
immersed, and during the drying, cascade rinse, and other 
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steps. By way of less movement, the system has fewer 
mechanical parts and is often easier to use and maintain than 
certain prior art systems. 

Moreover, the amount of polar organic compound used 

S for each batch of substrates is typically less than a fraction 
of a milliliter. The use of less organic compounds is often 
advantageous to the highly flammable prior art methods of 
drying a substrate by way of IPA for example. In certain 
embodiments, no polar organic compounds or the like are 

30 used. Accordingly, the present method is less hazardous than 
certain prior art methods to both health and environment. 

The aforementioned embodiments also are used in other 
selected semiconductor fabrication process steps. In one 
embodiment, the cleaning technique occurs in pre-gate 

15 oxide cleans. Pre-gate oxide cleans were generally not 
performed due to the sensitivity of gate oxide layer forma- 
tion. That is, convention pre-gate oxide cleans were not 
performed due to the introduction of particles onto the 
semiconductor substrate. The present technique, however, 

20 actually removes any particles that may remain on the 
surfaces of the substrate before gate oxide layer formation, 
thereby improving the general quality of the gate oxide 
layer. The present technique removes substantially all par- 
ticles greater than about 0.5 microns, and preferably 0.2 

25 microns, and more preferably 0.1 microns. 

In an alternative specific embodiment, the present clean- 
ing technique can be applied before other semiconductor 
process applications. These process applications are 
described in great detail in a text written by Stanley Wolf and 

30 Richard N. Tauber, Semiconductor Processing For The 
VLSI Era, Vol. 1: Process Technology (1986) (herein 
"WOLF"). For example, the present technique is applied as 
a pre-epitaxial, pre -diffusion, pre-metal, pre-poly, pre- 
implant, pre-photoresist, and pre-stack oxide cleaning tech- 

35 niques. Generally, the present cleaning technique can be 
applied at room temperature with trace quantities of polar 
organic compound. The trace quantity of polar organic 
compound at room temperature does not generally detri- 
mentally influence the semiconductor or photoresists. As 

40 noted in the background of invention, photoresists often 
dissolve during high temperature processing using solvents. 
As also previously noted, the present technique actually 
removes particles, rather than introducing them. 

In an alternative embodiment, the present cleaning tech- 

45 nique can be applied after performing a selected semicon- 
ductor fabrication process. An example of this fabrication 
process includes nitride deposition, polish cleans (e.g., 
CMP), buffered oxide etches, and metal deposition. These 
process steps also are described in great detail in a text 

50 written by WOLF, Additional applications of the present 
cleaning technique also can be applied for hydrofluoric acid 
last recipes and critical metal oxide silicon etches. As 
previously noted, the present technique actually removes 
particles from the semiconductor, rather being another pro- 

55 cess that introduces them. 
Experiments 

To prove the principle and demonstrate the operation of 
the present method and apparatus, experiments were per- 
formed. 

60 In these experiments, a 6-inch silicon wafer was used as 
a substrate. The 6 inch silicon wafer included an overlying 
layer of high quality silicon dioxide, typifying a recently HF 
etched wafer with an overlying oxide layer. The 6-inch 
silicon wafer was placed in a wafer carrier, which was 

65 immersed into a bath of rinse water in a vessel. In the vessel, 
the 6-inch silicon wafer was at a substantially vertical 
position, that is, faces of the wafer were substantially normal 
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to the water level. The water is standard rinse water and What is claimed is: 

included a resistance of about 17 megohms, and had a 1. Apparatus for holding a plurality of substrates, said 

temperature of about 70° F. In the immersed position, the apparatus comprising: 

wafer was substantially wet. a lower support, said lower support comprising a pluraHty 

To dry the wafer, water was drained from the bottom of 5 of first rid Qne of said fct ^ providing a 

vessel.The water level was substantially normal to the wafer * lower substme * 

faces. The water was drained at a substantially constant rate rr r 

from the bottom of the vessel. During the draining step, the a center support, said center support comprising a plural- 
wafer remained substantially motionless. "7 of ridges, one of said third ridges providing a 

By way of an adjustable outlet valve at the drain, a support for a center substrate portion; and 

different drain speed in multiple runs was used to determine an upper support, said upper support comprising a plu- 

the particular drain rates at which drying occurred more rality of second ridges, one of said second ridges 

effectively. Drain speed is measured by the amount of time providing a support for an upper substrate portion; 

necessary to drain the water from the vessel in terms of wherein ^ lowef ^ ^ center 

decreasing water level measured in milumeters per second .. A . A if » * * & a 

(mm/sec ) 15 portion, and said upper substrate portion are defined on 

FIG. 12 illustrates a "drying effectiveness" as a function a substrate J and 

of drain speed (in millimeters per second). The drying wherein said one first ridge, said one second ridge, and 

effectiveness is a surface area percentage of the wafer said one third ridge, can draw a portion of liquid from 

without water residue, measured as a percentage. The sur- said substrate. 

face area of the wafer includes the faces and wafer edges. As 20 2. Apparatus of claim 1 wherein said one of said first 

noted above, it is quite important to remove all water from ridges and said one of said second ridges comprise a 

the wafer which often includes a meniscus at the wafer bevelled portion, said bevelled portion meeting at a lower 

edges. As shown, the drying effectiveness in this experiment center portion and an upper center portion. 

is a non-linear function with respect to drain speed. For 3. Apparatus of claim 1 wherein said lower substrate 

example, the drying effectiveness of the sample wafer is is portion is a lower edge of said substrate. 

about 99.0% at a drain speed of about 2.5 mm/sec. A drain 4. Apparatus of claim 1 wherein said upper substrate 

speed of about 1.25 mm/sec. has a drying effectiveness of portion is an upper edge of said substrate. 

about 99.8%. A drying effectiveness of about 100% (or 5. Apparatus of claim 1 wherein said substrate is a disk. 

completely dry wafer excluding wafer edges) was produced 6. Apparatus of claim 5 wherein said disk is made of a 

with a drain speed of about 0.83 mm/sec. and less. Any 30 material selected from a metal or a plastic. 

residual water on the wafer edges was removed by hot dry 7. Apparatus of claim 5 wherein said disk has a substan- 

nitrogen being introduced for about 2 minutes or less. tially flat face. 

This experiment shows that a substantially clean and dry 8. Apparatus of claim 5 wherein said disk is circular in 

wafer may be produced by way of an embodiment of the shape, said disk comprising a center opening coupled to said 

present process. This present process does not rely upon any 35 center substrate portion. 

potentially harmful organic solvents or the like. In addition, 9. Apparatus of claim 1 wherein said substrate comprises 

the present process provides a substantially clean and dry a face, said face being porous. 

wafer without mechanical movement of the wafer thereby 10. Apparatus of claim 1 wherein one of said third ridges 

decreasing the possibility of any mechanical damage of the comprises an outer bevelled portion, 

wafer loss due to machine malfunction. Furthermore, the 40 11. Apparatus of claim 1 wherein one of said third ridges 

substantially wafer may be provided without the use of a comprises a lower center portion and an upper center 

heater or heating element, thereby decreasing hazards of fire portion. 

and such. Accordingly, this experiment shows a safe, 12. Apparatus of claim 1 wherein one of said third ridges 

efficient, and easy method of drying and cleaning a wafer comprises a pair of outer center portions, a lower center 

according to the present invention. 45 portion, and an upper center portion, said upper center 

While the above is a full description of the specific portion being defined at a higher region where said pair of 

embodiments, various modifications, alternative outer center portions meet. 

constructions, and equivalents may be used. For example, 13. Apparatus of claim 1 wherein one of said third ridges 

while the description above is in terms of a method and comprises a lower center portion between a pair of bevelled 

apparatus for semiconductor substrates, it would be possible 50 portions, said lower center portion being defined between 

to implement the present invention to the manufacture of said pair of bevelled portions at an angle ranging from about 

raw wafers, disks and heads, flat panel displays, microelec- 85 to about 150 degrees therebetween, 

ironic masks, and other applications requiring high purity 14. Apparatus of claim 1 wherein one of said third ridges 

wet processing such as steps of rinsing, drying, cleaning, and comprises a lower center portion between a pair of bevelled 

the like. In addition, the systems of FIGS. 1-5 are in terms 55 portions, said lower center portion being defined between 

of a cleaning system for semiconductors. A skilled artisan said pair of bevelled portions at an angle ranging from about 

may, altera lively, employ such systems to other industries 90 to about 120 degrees. 

such as electrochemical, pharmaceutical, printed circuit 15. Apparatus of claim 1 further comprising an upper 

board, optical devices, and any other industry that needs an center support beam, said upper center support firmly engag- 

improved technique to rinse and dry an article of manufac- 60 ing an inner periphery of said substrate. 

ture. Furthermore, the apparatus of FIGS, 6-11F are in terms 16. Apparatus of claim 15 wherein said upper center 

of the present cleaning system, but also can be employed in support beam is adjustable in a vertical direction. 

any other cleaning system, drying system, rinse system, or 17. Apparatus of claim 15 wherein said upper center 

the like. support beam is adjustable in a horizontal direction. 

Therefore, the above description and illustrations should 65 18. Apparatus of claim 1 wherein at least one of said 

not be taken as limiting the scope of the present invention supports is made from a material selected from a plastic, a 

which is defined by the appended claims. glass, quartz, stainless steel, and steel alloys. 
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19. Apparatus for processing an object, said processing 28. Apparatus of claim 19 wherein one of said third ridges 
apparatus comprising a device for holding a plurality of comprises an outer bevelled portion. 

objects, said device comprising: 29. Apparatus of claim 19 wherein one of said third ridges 

a lower support, said lower support comprising a plurality comprises a lower center portion and an upper center 

of first ridges, one of said first ridges providing a s p0 ^ m ' . ^ , 

support for a lower object portion of an object, said one 30 Apparatus of clarm 19 wherein one of said thud ndges 

first ridge providing said support drawing a first portion com P rlses h **" ° f ° U ' er p ? rll0DS '. f lower cen , ter 

of liquid from said lower object portion; and porUon and an upper center portion, said upper center 

n portion being defined at a higher region where said pair of 

a center support, said center support comprising a plural- outer center portions meet. 

ity of third ridges, one of said third ridges providing a 10 31. Apparatus of claim 19 wherein one of said third ridges 

support for a center object portion of said object, said comprises a lower center portion between a pair of bevelled 

third ridge providing said support drawing a third portions, said lower center 

portion of liquid from said center object portion. 32. Apparatus of claim 19 wherein one of said third ridges 

20. Apparatus of claim 19 wherein said device further comprises a lower center portion between a pair of bevelled 
comprising an upper support, said upper support comprising 35 portions, said lower center portion being defined between 
a plurality of second ridges, one of said second ridges said pair of bevelled portions at an angle ranging from about 
providing a support for an upper object portion of said ^ t0 ^out 150 degrees. 

object, said upper support providing said support drawing a 33 • Apparatus of claim 19 wherein one of said third ridges 

third portion of liquid from said object. comprises a lower center portion between a pair of bevelled 

21. Apparatus of claim 20 wherein said upper object 20 V 0 ^ons, s j» d lower center portion being denned between 
portion is an upper edge of said object. * aid P ai . r of b ^ff P ortlons at m an S le ran S in S from aboilt 

22. Apparatus of claim 20 wherein said object is a disk. 9C V? ^ 0Ul , de S rees ' . 

ii a # f i • u .j j • * ■ j r 34. Apparatus of claim 19 wherein said device further 

23. Appara tus of claim 22 wherein said disk is made of a - r 4 . . .< 

* ■ i i * j r * i i comprises an upper center support beam, said upper center 

material selected irom a metal or a Dlastic. * i_ • £ i * • ■ t * • . 

1i( , t . «F"f»"^- support being firmly engaging an inner periphery of said 

24. Apparatus of claim 22 wherein said disk has a ^ 0 ^ c{ ^ » © e> r / 

substantially flat face. 35 Apparatus of claim 34 wherein said upper center 

25. Apparatus of claim 22 wherein said disk is circular in support beam is adjustable in a vertical direction. 

shape, said disk comprises a center opening. 36. Apparatus of claim 34 wherein said upper center 

26. Apparatus of claim 19 wherein one of said first ridges support beam is adjustable in a horizontal direction. 

and one of said second ridges comprise a bevelled portion, 30 37. Apparatus of claim 19 wherein at least one of said 

said bevelled portion meeting at a lower center portion and supports is made from a material selected from a plastic, a 

an upper center portion. glass, quartz, stainless steel, and steel alloys. 

27. Apparatus of claim 19 wherein said object comprises 

a face, said face being porous. * + + * * 
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[57] ABSTRACT 

A treatment method for plate-shaped substrate capable 
of uniformly performing the treating operation, per- 
forming a large amount of treatment, and facilitating the 
automation of the work independently of the surface 
nature of the substrate such as base plates of Si wafer for 
integrated circuit manufacturing use. The method is 
achieved by making it easier for the whole substrate 
surface to be wetted with the treatment liquid, through 
exposing the substrate to liquid or gas material which is 
soluble mutually with a treatment liquid prior to treat- 
ment with the treating liquid, to avoid treatment and 
thus uneven treatment to improve the yield. 

17 Claims, 2 Drawing Sheets 






T 

3 



07/08/2003, EAST Version: 1.03.0002 



U.S. Patent May 24, 1988 Sheet 1 of 2 4,746,397 

Fig. I 






Ml I, i 



3 7 



Fig. 2 



Fig. 3 




07/08/2003, EAST Version: 1.03.0002 



US. Patent May 24, 1988 Sheet 2 of 2 4,746,397 

F '*' 4 III 117 




07/08/2003, EAST Version: 1.03.0002 



4,746,397 

1 2 

eliminate, and the treatment thereof cannot be applied 

TREATMENT METHOD FOR PLATE-SHAPED into the contact hole or the trench. 

SUBSTRATE 2. As the treatment liquid of the above-described 

second method has kinetic energies, the air bubbles are 

BACKGROUND OF THE INVENTION 5 generally likely to be somewhat removed more than the 

~- t . j . i * „. * * ii« j first method. However, air-bubbles are often caused 

The present invention relates to a treatment method ( when ^ fc n exists 

wmch makes ,t possible to perform the uniform treat- ^ ^ mo ^ afc caused 

ment of a plate-shaped substrate, which has fine uneven- when the t^^ liquid collides with the S i wafer. 

ness upon the surfaces represented for instance, a base , 0 cvcn m ^ sccomJ mcthod> the cffccts ^ hardly 

plate for integrated circuit (IC) manufacturing use, a provided m the rem oving operation of the air bubbles 

disc plate for image recording use, and a base plate for within thc contact holc or thc trcnch t0 causc thc un . 

liquid-crystal display use when the surface treatment even trea tment. Furthermore, the treatment liquid is 

such as washing, etching, fet removing, resist friction or ^ kc \ y t0 be sca ttered in all directions to cause a problem 

the like is applied by the use of the various kinds of j 5 m the operation safety. 3. As gas to be caused by the 

liquid chemicals (hereinafter referred to as treatment etching reaction is removed in the above-described 

liquid). third method, the etching chamber is normally kept 

By way of example, in the following detailed descrip- under thc reduced condition during the treatment of the 

tion, the etching and washing of the base plate for IC Si wafer. However, in the treatment where the gas is 

manufacturing use (hereinafter referred to as Si wafer) 20 not caused through the reaction as in the etching of, for 

which demands the uniformity and washing degree of example, Si02 with fluoric acid or in the etching of Si of 

the treatment particularly in these fields will be de- the Si nitride with phosphoric acid, the large air bubbles 

scribed. attached when the Si wafer has been dipped in the treat- 

The conventional etching methods of Si wafer are ment liquid are inflated further by the reduced pressure 

The conventional etching methods of Si wafer are as 25 to provide the sufficient buoyance so that the large 

follows. bubbles are disconnected from the wafer surfaces. 

1. A method of being dipped in the etching liquid However, the small air bubbles cannot get sufficient 
(hereinafter referred to as a first method). buoyance for disconnection if they are inflated, and, 

2. A method of jetting the etching liquid from the then, they remain attached on the Si wafer surfaces as 
nozzles, routing the Si wafer (as described within Japa- 30 large bubbles during the pressure-decreasing time. The 
nese Patent Application publication (unexamined) Tok- volume of the air bubbles is inflated unexpectedly 25.3 
kaisho No. 53-8577, Japanese Patent Application Publi- times 88 much undcr the decreased pressure of, for 
cation (unexamined) Tokkaisho No. 54-7874, Japanese example, 30 Torr. Even the air bubbles of such size as 
Patent Application Publication (unexamined) Tokkai- mav * neglected under the atmospheric pressure have 
sho No. 56-27931, Japanese Patent Application Publica- 35 togc mflncnect upon the uneven etching applied on the 
tion (unexamined) Tokkaisho No. 58-122732, Japanese f under the decreased pressure to deteriorate the urn- 
Patent Application Publication (unexamined) Tokkai- f ?™^ In tlon / ac J d corrosion gas such as HF or 
sho No. 58-196024, Japanese Patent Application Publi- } lk \ ,s P^uced I in large amount so as to normal y 
cation (unexamined) Tokkaisho No. 59-103344, Japa- „ J*"" the decreased pressure, which causes not only 
nese Patent Application Publication (unexamined) Tok- 40 furt u her c °7° slon of the fT?F* ^ e t cre 1 asm « 

kaisho No. 59-204238) (hereinafter referred to as a sec- such " ^ or the , llke » b . ut ^ shortenS the 

ond method) v«wcu»i«i iwcuw w » a ka, ser vice life of the pressure decreasing apparatus. 

3. A method of performing an etching method under SUMMARY OF THE INVENTION 

the reduced pressure (as disclosed in the Japanese Pa- 45 Accordi ly , „ objcct of thc prcscnt invention is to 

^1?? £ ^ f °" i < : xanuned > ^ OUC0 ^ N °- provide a treatment method for a plate-shaped substrate 

60-7382) (hereinafter referred to as a third method). ^ b We of umfonnl performing the treating 

Also, as the method of washing the Si wafer, existing opecatUm perfor^ a i arge amount of treatment, and 

circumstances are that the washing operation is per- facilitating & c automation of the work independently of 

formed by the joint use of auxiliary means for oscillating 50 thc surface mtm of a substrate to be treated such as Si 

the Si wafer with most of the Si wafer being dipped in wa f cr or the like. 

the washing liquid, or for applying the ultrasonic Another object of the present invention is to provide 

waves * a treatment method for a plate-shaped substrate which 

However, the conventional art has the following is achieved by making it easier for the whole treated 

problems in the treatment such as washing or etching. 55 subs trate to be we t with the treatment liquid, through 

1. In the above-described first method, air is attached exposin gLthe substrate to a liquid or ^j nateriaL^hieh- 

on the corner portion of the pattern or in the small \ s mutua lly soluble with the treatment liquid, prior to 

indentation formed on the Si wafer surface to prevent treating the substrate with the treatment liquid, to avoid 

the Si wafer from coming into contact against the treat- the uneven treatment thereof, thereby to improve the 

ment liquid to causc the uneven treatment 60 yield. 

Particularly, when the hydrophilic portion of the Namely, for accomplishment of the above objects, 
S1O2 film or the like, and the hydrophobic portion of Si, the present invention provides a treatment method of 
Si film nitride or the like are mixed on the Si wafer dipping a substrate to be treated such as a plate in treat- 
surface, the bubbles are likely to be attached onto the ment liquid to apply the treatment after the substrate 
boundary line therebetween to often cause the uneven 65 has been exposed to a liquid or gas of a material which, 
treatment. is mutually soluble with the treatment liquid, and there- 

AJso, the air contained in the contact hole for wiring after removing the treatment liquid and attached to the 

use or in the trench formed on the Si is not easy to treated substrate efficiently. 
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Also, the present invention includes a treatment 
method of decreasing the pressure within a container, 
after a substrate to be treated has been brought into 
treatment liquid within the container provided with 
means for decreasing the pressure therein, to restore the 5 
pressure to the atmospheric pressure again, thereafter 
completing the treatment to remove the treatment liq- 
uid attached on the treated substrate. 

Furthermore, the present invention includes a treat* 
ment method of decreasing the pressure within a con- 10 
tainer, after the liquid which is soluble with treatment 
liquid has been brought into contact against a substrate 
to be treated within the container provided with means 
for decreasing pressure therein, to restore the pressure 
to the atmospheric pressure, thereafter bringing the 
treated substrate into contact against the treatment liq- 
uid to complete the treatment, and, then, removing the 
treatment liquid attached on the treated substrate. 

Also, the present invention includes a treatment 2 q 
method of separately placing a substrate to be treated 
and treatment liquid within a container provided with 
means for decreasing the pressure therein to decrease 
the pressure within the container to remove gas on the 
surfaces of the substrate, thereafter restoring the pres- 25 
sure located within the container to the atmospheric 
pressure after the substrate has been brought into 
contact against the treatment liquid under the decreased 
pressure, thereafter removing the treatment liquid at- 
tached on the treated substrate. 30 

Also, the present invention includes a treatment 
method of individually placing a substrate to be treated 
and liquid soluble with treatment liquid respectively 
within a contrainer provided with an apparatus for 
decreasing the pressure therein, restoring the pressure 35 
provided within the container to the atmospheric pres- 
sure, after the substrate has been brought into contact 
against the liquid soluble with the treatment liquid 
under the decreased pressure, to apply the treatment 
upon the substrate with the treatment liquid, thereafter 40 
removing the treatment liquid attached on the treated 
substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 45 
invention will become apparent from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompany- 
ing drawings, in which; 

FIG. 1 and FIG. 4 are cross-sectional views of a 
treating apparatus to be used in the embodiment of the 
treatment method of the present invention; 

FIG. 2 is a perspective view with the line shaped 
pattern of the Si02 being formed on the Si wafer surface 
through the dry etching to be employed in the treat- 
ment method of the present invention; 

FIG. 3 is a plan view of the Si wafer showing the 
condition of the etching remaining through the etching 
operation when the air bubbles have been attached on go 
the Si wafer; 

FIG. 5 is a schematic view showing the sectional 
shape of the groove when the groove has been formed 
through the dry etching in the treatment method of the 
present invention; and 65 

FIG. 6 is a schematic view showing the sectional 
shape of the groove when the wet etching has been 
performed with mixed acid. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Before the description of the present invention pro- 
ceeds, it is to be noted that like parts are designated by 
like reference numerals throughout the accompanying 
drawings. 

EMBODIMENT 1 

Referring now to the drawings, there is shown in 
FIG. 1, a n etching apparatus of Si wafer according to a 
first embodiment of the present invention, which in- 
cludes isopropanol 1 as liquid soluble with treatment' 
liquid 2, the treatment liquid 2 employed as an etching 
liquid for Si wafer, rinsing water 3, a retaining jig 4 
(hereinafter referred to as hanger) for Si wafer, the Si 
wafer 5 as a substrate to be treated, ah exhaust port 6 for 
evacuating gaseous isopropanol or fluorine, and a drain 
port 7 for draining overflown water 3. With the above, 
the experimental, practical method according to the . 
embodiment of the present invention will be described 
in detailed hereinafter. Hot SiG2 films of 3000 A, 10,000 
A and 20,000 A are formed through the various period 
of treatment time by a pyrogenic method on the face of 
the Si wafer 5 having a diameter of 5 inches and sliced 
by the crystalline face of (1, 0, 0). Thereafter, the photo- 
resistance is applied on the face of Si wafer 5 in the 
thickness of 1.2 u,m so that many line-shaped patterns 
lack being 1.5 urn in width, 0.5 in length, separated by 
5 jun are deyciopedson the entire Si wafer 5. The Si 
wa fer 5 is Ar^etched^m SiQ2 film by the use of the 
mixed jgas (pressu re" 700 m Torr) between CHF3 and 
C2F6. Thereafter, the phptoresistances are removed by 
the resistance ascha of the oxygen plasma. According to 
the observation by a microscope, the Si wafer 5, even in 
the Si wafer of any film thickness, provides at this time 
a hydrophilic Si02 pattern 22 formed in the rectilinear 
shape on the hydrophobic Si monocrystal 21 as shown 
in FIG. 2. 

On the other hand, the etching_liquid 2 of SiQ-> in- 
cluding fluoric acid and water hayin g a mixing ratio o f 
1:200 as tre atment liq uid of the Si wafer 5, and the iso- 
propanol having surfaoTlenMoin of 22,9 dyne/cm as 
liquid soluble with the etching liquid are put separately 
into a cell in the etchinhg apparatus shown in FIG. 1. It 
is to be noted that the isopropanol is normally circu- 
lated by a bellows pump and filtered by the filter (0. 1 
fxm) made of fluorine-resin film (not shown). JPure 
water 3 having r sp^cjfibj: esista^ as 
the rinsing water is overflowed from the cell top-por- 
tion, normally flowing. - " ' "" 

After the Si wafers 5 formed in the pattern are re- 
tained one by one by the hanger 4 and are quietly 
dipped in the isopropanol 1 for three minutes, they are 
pulled up from the isopropanol and are dipped in the 
etching liquid 2 for five minutes. According to the vi- 
sual observation of the surfaces of the Si wafer 5 from 
the tower upper portion while the Si wafer 5 is dipped 
in the etching liquid, no air bubbles are attached on the 
Si wafers 5 of the film thickness. The Si wafers whose 
etching is finished are spin-dried after the sufficient 
washing operation with the pure water 3. 

According to the microscope observation of the Si 
wafers 5, whose treatment operation is completed, the 
SK>2 film is etched and is made smaller in film thickness 
and width even in any Si wafer pattern, with no uncyen- 
ness on the patterns. 
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On the other hand, as a first comparison embodiment 
for comparison, the Si wafer 5 provides the pattern of 
the S1O2 film formed through the dry etching to remove 
the resistance. Then, the Si wafer is quietly dipped in 
etching liquid 2 directly without being dipped in the 5 
isopropanol 1. According to the observation the sur- 
faces of the Si wafer 5 from the upper portion of the 
cell, several air bubbles are observed on the surface of 
the Si wafer 5. The Si wafer 5 is dipped for five minutes 
in the etching liquid 2, thereafter is dipped sufficiently 10 
in pure water 3, and is spin-dried. Then, according to 
the microscope observation of the surface of the Si 
wafer 5, the rectilinear pattern is out of shape, the pat- 
tern is recognized in which the convex portion 23 non- 
etched is provided on the end face of S1O2 film. The 15 
S1O2 films are observed particularly in the Si wafer 5 of 
10,000 A and 20,000 A. This is because the air bubbles 
are attached when the Si wafer 5 is dipped in the etch- 
ing liquid 2, and the bubble-attached locations remain 
without being etched. 20 

Also, the similar experiments are performed even 
about n-propanol having surface tension of 25.3 dy- 
ne/cm, methanol having surface tension of 24.0 dy- 
ne/cm, ethanol having surface tension of 24.1 dyne/cm, 
acetic acid having surface tension of 29.6 dyne/cm, 25 
acetone having surface tension of 26.3 dyne/cm, acetic 
methyl having surface tension of 28 dyne/cm, methyl 
ethyl ketone having surface tension of 26.8 dyne/cm, 
instead of isopropanol as liquid soluble with treatment 
liquid, but the convex portion 23 non-etched of FIG. 3 30 
is not observed. (The mixing ratio of each liquid is de- 
fined by volume ratio.) 

The material soluble with the treatment liquid to be 
used in the present embodiment is required to be prop- 
erly selected in accordance with the type of the treat- 35 
mcnt, the properties of the substrate to be treated, the 
nature of the treatment liquid or the like. As the water 
treatment liquid is mainly used in the washing or the 
etching of the Si wafer, alcohols such as methanol, 
ethanol, n-propanol, isopropanol, glycol and so on, 40 
ketones such as acetone and so on, carboxylic-acid such 
as acetic acid and so on, esters such as methyl acetate, 
ethyl acetate and so on, amines such as ethyl amine and 
so on, further sulfonic acid, electro-kinetic activator or 
the like, including the above-described materials used, 45 
are provided as the material soluble with the treatment 
liquid to be used. Howerver, in the present invention, 
the simple substances or mixtures of any substance 
among them may be used. The methanol, ethanol, ethyl 
amine, acetic acid, methyl acetate, ethyl acetate, ace- 50 
tone, isopropanol, n-propanol or the like which is small 
in adsorption ability into the Si wafer, is likely to be 
displaced by the treatment liquid, and is 30 dyne/cm or 
smaller in surface tension. 

These materials have a hydrophilic group of 13 OH, 55 
<0, — COOH, —COO—, SO3H or the like and a hy- 
drophobic alkyl group within the molecule. When the 
Si wafer is exposed to the liquid or the steam (gas), the 
hydrophilic group is preferentially adhered on the hy- 
drophilic portion of the Si wafer, the hydrophobic 60 
group is preferentially adhered on the hydrophobic 
portion of the Si wafer to form an accumulation film so 
that the entire Si wafer is likely to get wet with the 
hydrophilic treatment liquid or lipophilic treatment 
liquid. Also, as these materials are soluble with the 65 
treatment liquid such as water, they are dissolved in the 
treatment liquid during the treatment, and are decom- 
posed in the treatment liquid. Furthermore, the air bub- 
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bles are likely to be disconnected from the compound of 
30 dyne/cm or less in surface tension with no air bub- 
bles remaining on the Si wafer surface. Thus, the uni- 
form treatment may be performed without the air bub- 
bles attached on the Si wafer so that the Si surface is not 
polluted. 

Furthermore, a method of dipping the Si wafer in the 
liquid material, a method of jetting and spraying the 
liquid material from the nozzles or the like onto the Si 
wafer retained horizontal or vertical, a method of heat- 
ing the material soluble with the treatment liquid, or 
applying ultrasonic waves producing gas to expose the 
Si wafer to the atmosphere, or other methods are avail- 
able as a method of exposing the Si wafer to the material 
soluble with the treatment liquid. In the present inven- 
tion, any method may be used. The dipping method is 
more preferable, because the apparatus is simple and the 
risk of the gas explosion is small. 

Also, a method of dipping the Si wafer in the pure 
water or jetting the pure water in a shower condition to 
perform the washing operation is generally used as a 
method of removing the treatment liquid attached on 
the Si wafer. In order to increase the washing effect, the 
functions of oscillating the Si wafer, causing the bub- 
bling of the ultrasonic waves or the gas in the rinsing 
cell, or rapidly exchanging the rinsing water are added. 
In the present invention, any method may be used or the 
combination of a plurality of methods from them may 
be used. The present invention may use any method of 
spin drying, steam drying, blow-off drying or the like as 
the method of drying the Si wafer, or may use the com- 
bined method. 

The above method of the present invention can be 
applied to the same treating performance even in the 
sheet-number treatment or the patch treatment indepen- 
dently of the number of the sheets to be treated. 

EMBODIMENT 2 

The second embodiment of the present invention will 
be described hereinafter. 

The isopropanol placed in the glass beaker is dipped 
in the water bath heated to 100* C. to heat the isopropa- 
nol to 70* C. Thereafter, the glass beaker with the iso- 
propanol in it is placed in a covered desiccator. The 
desiccator is filled with the steam of the isopropanol. 

On the other hand, in the first embodiment, the pat- 
tern of the Si02 film is formed through the dry etching 
and the resistances are removed. Thereafter, the Si 
wafer 5 of 10,000 A in S1O2 film thickness is quietly 
placed for thirty minutes in the desiccator filled with 
the isopropanol steam, and is exposed to the isopropanol 
steam. The Si wafer 5 is retained by the hanger 4 of the 
etching apparatus used in the first embodiment, is 
dipped for five minutes in the etching liquid 2 including 
fluoric acid and water with a mixing ratio of 1:200, is 
washed with the pure water 3, thereafter is spin dried. 
The pattern of the Si wafer 5 is examined after the 
drying operation as in the first embodiment, but uneven- 
ness caused by a non-etched portion of the SiO? pattern 
does not exist. 

Also, the same experiments are performed with the 
methanol, ethanol as the liquid soluble with the treat- 
ment liquid, thus showing the same results. 

EMBODIMENT 3 

The third embodiment will be described hereinafter. 
The mixed liquid between ethanol and acetic acid, (for 
example, with mixing ratios of ethanol to acetic acid 
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being 6:4, 5:5 and 4:6), the mixed liquid between the The Si wafer is etched further by the dry etching 

ethanol and the water (for instance, with mixing ratios (with gas to be used, for instance, mixed gas of 

of ethanol to water being 8:2, 6:4, 5:5 and 4:6), the mixed CCI4+O2 having pressure of 80 m Torr) into the vari- 

liquid between the acetic acid and the water (for in- ous depths (hereinafter referred to as the depths of the 

stance, with mixing ratios of acetic acid to water being 3 groove) of 1; 3, 5, 7 /xm in the Si monocrystal through 

8:2, 6:4, 5:5 and 4:6), the mixed liquid between isopropyl the variation of the etching time. Thereafter, the pho* 

alcohol and water, for instance, with mixing rations toresistances are removed by the oxygen plasma. To 

being 6:4, 5:5 and 4:6, and the mixed liquid of 1:1 be- observe the cross-sectional shape of the etching portion 

tween the isopropyl alcohol and ethanol are used as the at this time by an electronic microscope (hereinafter 

liquid soluble with the treatment liquid on the etching 10 referred to as SEM), one portion of the Si wafer is 

apparatus used in the first embodiment The pattern is broken by the pattern forming portion. The condition is 

examined after the etching, washing and drying as in the shown in FIG. 5. The bottom portion where the Si 

first embodiment, and uneven surfaces caused by a hon- mono-crystal is etched (hereinafter referred to as 

etched portion remaining are not recognized. groove) is made V in shape. 

Furthermore, the RCA washing liquid (NH4OH:- 15 ^ e si wafer, whose groove depth is etched by 5 jutm 
rfeOrlfeO- 1:2:7; volume ratio, 80* C.) instead of the 58 placed into the hanger of FIG. 4, the mixed acid 
etching liquid in the first embodiment, and the isopropa- between the fluoric acid and nitric acid 
nol, methanol, ethanol as the liquid soluble with the (HF:HN03=3:97 (volume ratio), hereinafter referred 
RCA washing liquid, and the various kinds of mixed t0 88 as treatment liquid is placed into the 
liquid are used to form the rectilinear S1O2 pattern on 20 ceU Thereafter, the container 111 is sealed, the 
the Si base plate in the method similar to that of the hanger U4 is thrust in so that the Si wafer 117 is sunk 
embodiment 1. The Si wafer is dipped for three minutes completely into the mixed acid 115. Thereafter, the 
in the above-described liquid soluble with the RCA P ress we within the container 111 is immediately re- 
washing liquid, thereafter is dipped for ten minutes in d ^ c ^ down t0 30 Torr < 15 ° C * at the temperature 
the RCA washing liquid Thereafter, the Si wafer is 25 * ^ by «« -of the .rotary pump 
sufficiently washed with water, is dried, «nd the surface £?• Thereafter, the hanger 114 is vibrated several times 
is observed, by SEM (samning type electronic micro- S° m ' he 0 ^ 1( ? e of the decompression container 117, 
scope), for foreign materials attached on the Si waiter A c v ^ve 116 is opened to introduce the air into the 
surface. Five through ten foreign materials (per fifty m ^^fll^^^ 

. linear patterns) are sparsely recognized independentiy 30 ^^rt rfl . 5 "T U ?^^*^ 

of the unevenness on the Si wafeTsurfaces A large Z^J*? 9 ** Sf ™* «*J 115 *.» ™* 

difference is not caused in the condition of the forei^- ^^iX^T * P I * e Sl 

material attached due to the differences among die ^ B W3S ^ d Wl * f large T^' S fl U ?^ UrC Wat ? 

liquids soluble with the RCA washing liquid. „ having specific resistance value of 18 MO-cm, and, 

The Si wafer is directly dipped in the RCA washing 35 SSlS ^Ev^ * 5 °°° ^ ^**2* 2 
linniH win,n,,t A-.r^A iiVT.ij TV ui performed in the same manner even about the other Si 

hqwdwthout bemg dipped in the liquid soluble with wafers ^ ^ different in the groove depth. Ac- 

^ SLSTtW* t Z W t "Tu^ cordingtotheobfervationoftheSiwaferbytheSEM, 

■i2£ HSfcS 8 observation of the Si ^ sia % win o{ thi ^ ^otmly ^ ^ 

"2S5?S /^tS'^^f^Z!^ 40 **** «" to «tend the groove width even in any 
" r T^^/T^' P attem '« ff «« in the groove width and the groove 

T, ^S^~£^ P " tto ?? of d( *& as shown in FIG 6, with the groove bottom 

™tS jSfi^L !' ? V TP- ° f f0rC,gn P ortion chan « ed to have shape from 

materials are confirmed to be located in places. the V-shar^like m FIO.^The niixedacidwWchisthe 

EMBODIMENT 4 45 wet etching treatment liquid of the Si wafer is pene- 

-T- ,.„,„., _ * a. .„ tratedinto the entire groove so that the uniform treat- 

h^tS^ vw Vnm } invention will ment ^ be performed. Also, although many grooves 
be ^cnbed hereunto with reference to ^thedrawings. ^ observed in the same manner across the entire Si 
«fc2f?£ T m ,V oontame 5 m se 1 cUon P™- wafer faces, the result is completely the same. Also, 
vided widi a rotary pump 113 as means for reducing the 50 although the similar experimente are performed respect 
pressure ttereuvin the fourth embodiment of the pres- tively at 50, 70, 100, 150 Torr, the results are the same, 
entinvention, whichmcludes a container 111, a cell 112 On the other hand, the Si wafer is etched with the 
for having the treatment liquid therein, a vacuum pump mixed acid without the pressure reduction within the 
113 as means for reducing the pressure, a stand 114 for container 111 with the use of the treatment apparatus 
having the Si wafer mounted thereon (hereinafter re- J5 shown in the fourth embodiment as a second compari- 
ferred to as hanger), treatment liquid US, a valve 116, son embodiment for comparison, by the method com- 
^ *° * pletely the same as that of the fourth embodiment in the 
TheSiChfflmof 10,000 A is formed by thepyrogenic other processes. It is found by the SEM observation 
method on the Si wafer (5 inches in diameter), whose (hereinafter referred to as the second comparison em- 
surfaces are finished into mirror face through the slicing « bodiment) that the portions where the interior portion 
operation with the crystal face of (1, 0, 0), thereafter the of the groove is etched to extend the groove width are 
photo-resistance is applied into the thickness of 1.2 jun, mixed with the portions where the groove width is not 
The line-shaped pattern of 100 pm in length, 0.5 pn extended without the etching operation so as to cause 
through 4.0 urn m width (every 0.5 fim) is developed by the unevenness within the groove to make the etching 
plurality on the entire Si wafer. 65 unequal although the groove is etched with the mixed 
Si wafer is etched in Si0 2 by the dry etching (with gas acid near the entrance thereof to extend the groove 
to be used, for instance, mixed gas of CHF3+C2F6 width even in any Si wafer different in the groove 
having pressure of 700 m Torr). width and depth. 
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The operation of the treatment method in the above- 
described fourth embodiment will be described herein- 
after. 

The Si wafer which is the substrate to be treated is 
brought into contact against the treatment liquid within 5 
the container for decreasing the pressure therein. The 
pressure within the container is restored again to the 
atmospheric pressure after the pressure inside the con- 
tainer is reduced. The air bubbles which remain within 
the small unevenness on the Si wafer surface and are 10 
large enough to exert harmful influences upon the treat- 
ment are inflated to a large extent in the treatment liquid 
to disconnect them from the Si wafer surface through 
buoyancy. 

Accordingly, the air bubbles do not prevent the con- 15 
caved inner face of the Si wafer surface from coming 
into contact against the treatment liquid. The treatment 
liquid may be poured deep into the rear of the indenta- 
tion by the atmospheric pressure if it may be different in 
size, thus resulting in uniform treatment (the thickness 20 
of the Si wafer of 5 inches in diameter with respect to 
the atmospheric pressure of 760 mm Hg' is 0.5 through 
0.6 mm). 

Also, the corrosion of the pressure-decreasing appa- 
ratus does not progress in the third treatment process of 25 
the conventional art even if the corrosive gas is caused, 
thus resulting in longer service life, because the pressure 
decreasing operation is temporarily performed. 

Furthermore, the treatment method of the fourth 
embodiment has effects of applying the mechanical 30 
vibrations on the Si wafer, performing oscillations, and 
taking the Si wafer out of the treatment liquid for short 
time during the pressure reduction or stirring the treat- 
ment liquid by a pump, stirrer, ultrasonic waves or the 
like so as to disconnect the air bubbles as soon as possi- 35 
ble. 

EMBODIMENT 5 

A fifth embodiment of the present invention will be 
described hereinafter. 40 

In the fifth embodiment of the present invention, the 
RCA washing liquid including NH4OH, H2O2 and H2O 
in a mixing volume ratio of 1:2:7 at 80* C, instead of the 
mixed acid for wet etching in the fourth embodiment, is 
used. In the other processes, the Si wafer is etched, 45 
washed with water, dried in the completely same man- 
ner as in the fourth embodiment. The number of parti- 
cle-shaped foreign materials on the side wall of the 
groove is observed by the SEM. 

Also, the above-described RCA washing liquid, in- 50 
stead of the mixed acid in the second comparison em- 
bodiment is used for comparison. The number of the 
particle-shaped foreign materials on the groove side- 
walls (hereinafter referred to as the third comparison 
embodiment) is counted in the same manner as that of 55 
the second comparison embodiment. The counted num- 
ber of the particle-shaped foreign materials in the fifth 
embodiment and the third comparison embodiment will 
be shown in the following Table 1. 

It is to be noted that the counted value of Table 1 is 60 
the total of the foreign materials each being 0.3 or 
more in diameter among the fifth line-shaped grooves, 
which are of 1.5 fim in width, 100 pirn in length, respec- 
tively. It may be found from the results that the treat- 
ment operation may be performed with the washing 65 
liquid down to the bottom of the deep concave portion 
by the use of the treatment method of the present inven- 
tion. 
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TABLE 1 



Method of Washing 


Number of Particles 


Si Wafer 


On Groove Side Wall 


Fifth Embodiment 


7 


Third Embodiment 


30 



EMBODIMENT 6 

A sixth embodiment of the present invention will be 
described hereinafter. 

In the sixth embodiment of the present invention, the 
line-shaped groove is formed on the Si wafer through 
the dry etching as in the fourth embodiment. The Si 
wafer is set in the hanger 114 shown in FIG. 4. Thereaf- 
ter, the water which is liquid soluble with the mixed 
acid is put into the cell 112 to seal the pressure decreas- 
ing container 111. The hanger 114 is thrust in. The 
wafer 117 is dipped in the water. Then, the pressure- 
decreasing container is reduced inside as low as 20 Torr 
(15* C. at the low temperature) by a vacuum pump 113. 
Also, the hanger 114 is rotated in the pressure- 
decreased condition by four times or five times at the 
angle of about 45*. Thereafter, the valve is opened to 
restore the pressure of the decompression apparatus to 
the atmospheric pressure. Thereafter, the Si wafer is 
dipped in the mixed acid, is etched, washed with water 
and dried. According to the observation of the groove- 
shaped pattern portion by the SEM, the groove-bottom 
portion is changed into the round V-shape as in FIG. 6, 
also the side wall of the groove is uniformly wet-etched, 
and can be uniformly treated as in the fourth embodi- 
ment. 

On the other hand, by the use of the apparatus shown 
in the sixth embodiment for comparison, the pressure 
within the decompression container 111 is not de- 
creased, but the Si wafer is etched in the mixed acid in 
completely the same method as in the fifth embodiment. 
According to the SEM observation (hereinafter re- 
ferred to as the fourth comparison embodiment), the 
groove is etched near the entrance thereof to extend the 
groove width even in any Si wafer different in the 
groove depth. However, the interior of the groove can 
be treated only in the unequal way as in the second 
comparison embodiment. 

EMBODIMENT 7 

A seventh embodiment of the present invention will 
be described hereinafter. 

Methanol having surface tension of 24 dyne/cm, 
ethanol having surface tension of 24. 1 dyne/cm, n-pro- 
pyl alcohol and isopropyl alcohol having surface ten- 
sion of 22.9 dyne/cm, acetone having surface tension of 
26.3 dyne/cm, and methyl ethyl ketone having surface 
tension of 26.8 dyne/cm, acetic acid having surface 
tension of 29.6 dyne/cm, in methyl acetate, ethyl ace- 
tate and nonionic series intcrfacial activator diluted to 
0.5% with water, mixture of 1:1 between ethanol and 
acetic acid, mixed liquid between ethanol and water at 
a mixing ratio of either 6:4 or 4:6, the mixed liquid be- 
tween acetic acid and water at a mixing ratio of either 
6:4 or 4:6 are used as the liquid soluble with the mixed 
acid which is the wet etching agent of the Si wafer. The 
wet etching is performed as in the sixth embodiment so 
that the groove bottom portion is changed into the 
round V-shaped likewise and the mixed acid for etching 
use is penetrated through the entire groove. Also, the 
similar examinations are performed with the use of the 
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mixed liquid between methanol and water, isopropyl moved by the decompression de-airing operation, but 

alcohol and water, or acetic acid and water, with the air in an amount equivalent to 20/760 of the volume of 

results being completely the same. the concave portion remains as it is. 

EMBODIMENT 8 ^ ne decompression degree of the treating method in 

3 the sixth through the eighth embodiments is determined 
An eighth embodiment of the present invention will by the steam pressure of the treatment liquid. The vac- 
be described hereinafter. uum arrival degree is up to about 20 Torr at 20° C in 
In the eighth embodiment of the present invention, the diluted u< ^ d the fl uo ric-acid water, the 
the RCA washmg liquid including NH4OH, H 2 0 2 and effective vacuum de ^. ee ^ within the of , 50 

H2O at a ratio of i:2;7, at 0 C, mstead of the mixed 10 20 Torr (20° C), preferably 40 through 20 

acid for the wet etching m the sixth embodiment, is j orf °^ v ' * ' 

used. In the other processes, the Si wafer is etched. —/ . «_ . 

washed with watered dried in completely the same ^ vmous pumps such as rotary pump, diffusion 
manner as in the sixth embodiment The number of parti- pump,mechamcal booster pump, water seal pump and 
cle-shaped foreign materials on the side wall of the 15 80 «f which are generally used as vacuum pumps are 
groove is observed by the SEM. provided as apparatuses for decreasing the pressure 

Also, the above-described RCA washing liquid, in- within the container. In the present invention* any 
stead of the mixed acid in the fourth comparison em- P^P ma y be ^d, and a plurality of combinations from 
bodiment, is used for comparison. The number of the among them may be used, 
particle shaped foreign materials on the groove side 20 EMBODIMENT 9 

walls (hereinafter referred to as the fifth comparison 

embodiment) is counted in the same manner as that in A ninth embodiment of the present invention will be 
the fourth embodiment. The counted number of the described hereinafter with reference to the drawings, 
particle-shaped foreign materials in the eighth embodi- In sample and the apparatus used in the present em- 
inent and the fifth comparison embodiment will be 25 bodiment are the same as those manufactured and used 
shown in the following Table 2. in the fourth embodiment The line-shaped pattern of 

It is to be noted that the counted value of Table 2 is 100 jxm in length, every 0.5 /tm in width (or there may 
the total of the foreign materials each being 0.3 /tm or be employed a value of 0.5 through 4.0 jim in width), 
more in diameter among the fifty line-shaped grooves, and 1, 3, 5, 7 u*n in depth is formed on the surface, and, 
which are of 1.5 pm in width, 100 Jim in length respec- 30 thereafter, the photoresistarice is removed. The Si wafer 
tively. like this is used. The treatment apparatus of FIG. 4, 

It may be found from the results that the treatment which is the same as that of the fourth embodiment, is 
operation may be performed with the washing liquid used< 

down to the bottom of the deep concave portion by the $i wafer, whose groove depth is etched by 5 pm 

use of the treatment method of the eighth embodiment 35 ^ mto thc Q f FIG. 4, the mixed acid 

It is to be noted that each of the above-described between the fluoric acid the nitric acid (HF:HNC>3) 
embodiments shows only the examples of the wet etch- m mbdn yolumc ^ of 3 tQ 9? 0^^^, referred 
ing and the washing process of the Si wafer. The pres. ^ ^ ■ treatment liquid is placed into the 
ent invention may be applied not only to the examples. Thereafter, the container 111 is sealed, the 

but also to all the processes of treating, with the use of ^ VJt""^' ■ . ™ , + „ in V™ 

the treatment liquid, a substrate which is shaped like a 40 F*™ wi^ the contamer 111 " ^ucedto 30' Torr 
plate and has unWenness on the surfaces. ' « 15 / C of *e liquid temperature of the mixed acid 115 

by the use of the rotary pump 113. Then, the hanger 114 

TABLE 2 - jg thrust in so that the Si wafer 117 is sunk completely 

into the mixed acid 115. Thereafter, the valve 116 is 
45 opened to introduce the air into the container 111 to 
restore the pressure to the atmospheric pressure. After 
the lapse of 15 minutes from the dipping of the Si wafer 
117 in the mixed acid 115, the Si wafer 117 is lifted from 
the mixed acid 115 to take it out from the hanger 114 
^ In the treatment method of Embodiment 6 through 50 with a pincette . immediately, the Si wafer is washed 
Embodiment 8, the hqui4 which is soluble with such whh a j amo|mt of water having specific 

treatment liquid as described hereinabove is contacted ~? m x/n ™ orir i ♦fc*™*^ Z 

. , . _j /» , . . A . . , . A , • . - resistance value ot 18 MU-cm, ana tnereatter, is spin- 

with the surface of the substrate to be treated, thereafter , . , . <nnA na ;„ ;« ^ 

... . . . . , * dried at 5000 rpm. The etching is performed in the same 

the pressure in the container is reduced, then the pres- K . _ u _ c: • u u : am 

sure is restored to atmospheric pressure, and the large 55 ma ™ e f e ™ about * e °* cr Sl wafers cach bcln S dlf " 

air bubbles in the concave portion are inflated by the ferent m the groove depth. 

decompression, are removed with buoyancy, and the >f° t rdm « to th * °J»v*"» of & wafer by the 

Uquid is gradually penetrated into the surface between s ™> Slde , waU of the groove is uniformly etched 

the very few small air bubbles remaining on the surface Wlth acid to extend groove width even in any 

of the substrate to permit the entire surfaces of the sub- 60 pattern different in the groove width and the groove 

strate to be wetted with the treatment liquid. Itispossi- 4«P* « Aown in FIG. 6, with the groove bottom 

ble for the interior of the decompression container to be portion being changed to have such round shape as in 

made completely vacuum. The degree of vacuum in- FIG. 6 from the V^shape. The. mixed acid which is wet 

creases only up to the steam pressure when the liquid etching treatment liquid of the Si wafer is penetrated 

exists with the decompression container. For example, 65 into the entire groove so that the uniform treatment can 

it is about 20 Torr at 20* C. in the case of water, Ac- be performed. Also, although many grooves are ob- 

cordingly, the air which is originally located in the served in the same manner across the entire Si wafer 

concave portion of the substrate may be mostly re- faces, the result is completely the same. Also, although 
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the similar experiments are performed respectively at of the low temperature, by a rotary vacuum pump 113. 

50, 70, 100, 150 Torr, the results are the same. Then, the hanger 114 is rotated in the pressure- 

On the other hand, the Si wafer is etched with the decreased condition by four times or five times at the 

mixed and without the pressure reduction within the a,,^ 0 f about 45', where the hanger is thrust in, and the 

r°T er . \™ ° * 'T S u 0Wn m u h ! 5 wafer 1" «• *PP«J «■ *e witer. Thereafter, the valve 

fourth embodiment for comparison by the method i _ \T e * L j 

which is completely the same method as that of the " ° f °? thc P rcssurc of the decompression 

ninth embodiment in the other processes. It is found by ^T' t 'h ' -T ^ fT" ^7*^ 
the SEM observation (hereinafter referred to as the fifth & . ? afer IS dl Pj* d »> the mixed acl * 1S etched, washed 
comparison embodiment) that the portions where the m Z WatCr and dncd * Accordm S' to the observation of 
interior portion of the groove is etched to extend the the groove-shaped pattern portion by the SEM, the 
groove width are mixed with the portions where the groove-bottom portion is changed into the round V- 
groove width is not extended without the etching oper- sha P e 33 in F 10 - 6 » *bo the side wall of the groove is 
ation so as to cause the unevenness within the groove to uniformly wet-etched, and can be uniformly treated as 
make the etching unequal although the groove is etched 15 in the ninth embodiment. 

with the mixed acid near the entrance thereof to extend O n the other hand, by the use of the apparatus shown 
the groove width even in any Si wafer different in the »n the eleventh embodiment for comparison, the pres- 
groove width and depth. sure within the decompression container 111 is not de- 

EMBODIMENT 10 creased, in the other process steps the Si wafer is etched 

20 in the nixed acid in completely the same method as in 

A tenth embodiment of the present invention will be the ninth embodiment. According to the SEM observa- 
described hereinafter. tion (hereinafter referred to as the seventh comparison 

In the tenth embodiment of the present invention, the embodiment), the groove is etched near the entrance 
RCA washing liquid including NrUOH, H 2 0 2 , H 2 0 in thereof to extend the groove width even in any Si wafer 
a volume ratio of 1:2:7 at 80* C, instead of the mixed 2J different in the groove depth. However, the interior of 
acid for the wet etching use in the ninth embodiment, the groove can be treated only in the unequal way as in 
was used. In the other processes, the Si wafer is etched, the flfth comp arison embodiment, 
washed with water, dried in the completely same man- In the treatm ent method in the ninth through elev- 
T^LJV embodiment. Tlic number of particle- enth embodiments , the Si wafer ^ ^ e treatment liquid 

fSi^S^*^^^ ^ » -P-tely -ithin the container proved 

Also, the above-described RCA washing liquid, in- w * »PP™ f ° f decreasm * ; the pressure within the 
stead of mixed acid used in the ninth comparison em- ^tainer^nd the pressure within the container is de- 
bodiment is used for comparison. The number of the ceased. Thus, the air on the wafer surfaces can be 
particle-shaped foreign materials on the groove side „ rcmoved cvcn ^evenness caused by fine or deep 
walls (hereinafter referred to as the sixth comparison 33 Proves exists. The Si wafer is brought into contact 
embodiment) is counted in the same manner. The a * amst thc treatment liquid in this condition, thereafter 
counted number of the particle-shaped foreign materials ^ pressure is restored to the atmospheric pressure, 
is the tenth embodiment and the sixth comparison em- Accordingly, the air bubbles do not prevent the con- 
bodiment will be shown in the following Table 3. cavcd mncr face of the Si wafer surface from coming 

It is to be noted that the counted value of Table 3 is 40 int0 contact against the treatment liquid. The treatment 
the total of the foreign materials each being 0.3 fim or liquid may be poured deep into the rear of the indenta- 
more in diameter among the fifty line-shaped grooves, tion by the atmospheric pressure if it may be different in 
which are of 1 .5 fim in width, 100 fim in length, respec- size, thus resulting in uniform treatment. In this embodi- 
tively. ment, the thickness of the Si wafer of 5 inches in diame- 

It may be found from the results that the treatment 43 ter with respect to the atmospheric pressure 760 mmHg 
operation may be performed with the washing liquid . is 0.5 through 0.6 mm. 
down to the bottom of the deep concave portion by the 

use of the treatment method of the present embodiment. EMBODIMENT 1 2 

A twelfth embodiment of the present invention will 
TABLE 3 described hereinafter. 

In the treatment method of the twelfth embodiment 
of the present invention, the liquid soluble with the 
treatment liquid is brought into contact with the surface 
55 of the substrate to be treated under the decreased pres- 
sure, thereafter the pressure is restored to the atmo- 
spheric pressure. The liquid is gradually penetrated into 
EMBODIMENT 1 1 the boundary between very few air bubbles remaining 

An eleventh embodiment of the present invention on the surfaces of the substrate so that the entire surface 
will be described hereinafter. 60 of the substrate may be wetted with the treatment liq- 

In the eleventh embodiment of the present invention, u * d * 
the line-shaped groove is formed on the Si wafer Th e concrete contents of the twelfth embodiment 
through the dry etching as in the ninth embodiment. the liquid will be described hereinafter. The kind 

The Si wafer it set in the hanger 114 shown in FIG. 4. of the liquid soluble with the treatment liquid to be used 
Thereafter, the water which is liquid soluble with the 65 in the treatment method of the twelfth embodiment is 
mixed acid is put into the cell 112 to seal the pressure- the same as that used in the treatment method of the 
decreasing container 111. The pressure-decreasing con- sixth through eighth embodiments, and the operation is 
tainer 111 is reduced inside as low as 20 Torr at 15° C. also similar. 
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Methanol having surface tension of 24 dyne/cm, 
ethanol having surface tension of 24.1 dyne/cm, ^pro- 
pyl alcohol and isopropyl alcohol having surface ten- 
sion of 22.9 dyne/cm, acetone having surface tension of 
26.3 dyne/cm, and methyl ethyl ketone having surface 5 
tension of 26.8 dyne/cm, acetic acid having surface 
tension of 29.6 dyne/cm, in methyl acetate, ethyl ace- 
tate and nonionic series interfacial activator diluted to 
0.5% with water, mixture of 1:1 between ethanol and 
acetic acid, mixed liquid between ethanol and water at 10 
a ratio of either 6:4 or 4:6, the mixed liquid between 
acetic acid and water at a ratio of either 6:4 or 4:6 are 
used as the liquid soluble with the mixed acid which is 
the wet etching agent of the Si wafer. The wet etching 
is performed as in the eleventh embodiment so that the 15 
groove bottom portion is changed into the round V- 
shape likewise and the mixed acid for etching use is 
penetrated through the entire groove. Also, the similar 
examinations are performed with the use of the mixed 



present invention, they should be construed as being 
included therein. 
What is claimed is: 

1. A treating method for a plate-shaped substrate 
comprising the steps of exposing a substrate to be 
treated to liquid or gas material which is soluble with 
treatment liquid and has a hydrophilic base and a hydro- 
phobic base within the molecule of itself, thereafter 
dipping the substrate in the treatment liquid to apply the 
treatment, then removing said treatment liquid from the 
treated substrate. 

2. The treating method in accordance with claim 1, 
wherein the liquid or gas material soluble with said 
treatment liquid is isopropanol. 

3. The treating method in accordance with claim 1, 
wherein the substrate is a base plate, for manufacturing 
semiconductor elements, having fine unevenness on the 
surfaces. 

4. A treating method for a plate-shaped substrate 



liquid between methanol and water, isopropyl alcohol 20 comprising the steps of contacting a substrate to be 



and water, or acetic acid and water, with the results 
being completely the same. 

EMBODIMENT 13 

A thirteenth embodiment of the present invention 25 
will be described hereinafter. 

In the thirteenth embodiment of the present inven- 
tion, the RCA washing liquid including NH4OH, H2O2, 
H2O at a ratio of 1:2:7 at 80° C. t instead of the mixed 
acid for wet etching use in the twelfth embodiment, is *° surfaces, 
used. In the other processes, the Si wafer is etched, 
washed with water, dried in the completely same man- 
ner as in the twelfth embodiment. The number of parti- 
cle-shaped foreign materials on the side wall of the 
groove is observed by the SEM. 

Also, the above-described RCA washing liquid, in* 
stead of the mixed acid used in the seventh comparison 
embodiment is used for comparison. The number of the 
particle-shaped foreign materials on the groove side 
walls (hereinafter referred to as the eighth comparison 
embodiment) is counted in the same manner. The 
counted number of the particle-shaped foreign materials 
in the thirteenth embodiment and the eighth compari- 
son embodiment will be shown in the following Table 4. 

It is to be noted that the counted value of Table 4 is 
the total of the foreign materials each being 0.3 ujn or 
more in diameter among the fifty line-shaped grooves, 
which are of 1.5 psa in width, 100 jxm in length, respec- 
tively. It may be found from the results that the treat- 
ment operation may be performed with the washing 
liquid down to the bottom of the deep concave portion 
by the use of the treatment method of the present inven- 
tion. 



treated with a treatment liquid within a container which 
is provided with means for reducing pressure within the 
container, therafter reducing the pressure within said 
container and restoring the pressure to atmospheric 
pressure, and completing the treatment to remove said 
treatment liquid from the treated substrate. 

5. The treating method in accordance with claim 4, 
wherein the substrate is a base plate, for manufacturing 
semiconductor elements, having fine unevenness on the 
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6. The treatment method in accordance with claim 4, 
comprising the step of moving said substrate and the 
treatment liquid relative to each other while the sub- 
strate is dipped in the treatment liquid. 

7. A treatment method for a plate-shaped substrate 
comprising the steps of contacting a substrate to be 
treated with a liquid which is soluble with a treatment 
liquid within a container provided with pressure reduc- 
ing means, thereafter reducing pressure within said 
container and restoring the pressure to atmospheric 
pressure, then contacting the substrate with the treat- 
ment liquid, and completing the treatment to remove 
said treatment liquid from the treated substrate. 

8. The treatment method in accordance with claim 7, 
wherein the liquid soluble with the treatment liquid is 
liquid containing a material having a hydrophilic base 
and a hydrophobic base within the molecule of itself 
and is at least of compound selected from compound 
soluble in water. 

9. The treatment method in accordance with claim 7, 
wherein the substrate is an Si base plate, for manufactur- 
ing semiconductor elements, having fine unevenness on 
the surfaces. 

10. The treatment method in accordance with claim 
7, wherein the substrate and the treatment liquid are 
moved relative to each other while the substrate is 
being treated with the treatment liquid. 

11. A treatment method for a plate-shaped substrate 
comprising the steps of separately placing a substrate to 
be treated and a treatment liquid within a container 
provided with means for reducing pressure within the 
container, thereafter contacting said substrate with said 
treatment liquid under reduced pressure and restoring 
the pressure within said container to atmospheric pres- 



Although the present invention has been fully de 
scribed by way of example with reference to the accom 

panying drawings, it is to be noted here that various 65 sure, and completing the treatment to remove said treat- 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 



ment liquid from the treated substrate. 

12. The treatment method in accordance with claim 
11, wherein the substrate is a base plate, for manufactur- 
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ing semiconductor elements, having fine unevenness on 
the surfaces. 

13. The treatment method in accordance with claim 
11, further comprising the step of moving the substrate 
by mechanical means while the substrate is dipped in 
the treatment liquid. 

14. A treatment method for a plate-shaped substrate 
comprising the steps of separately placing a substrate to 
be treated and a liquid which is soluble with a treatment 
liquid in a container, reducing pressure within said con- 
tainer, contacting the substrate with the liquid soluble 
with said treatment liquid under the reduced pressure, 
thereafter restoring the pressure within said container 
to atmospheric pressure, then contacting the substrate 



with the treatment liquid, and thereafter removing said 
treatment liquid from the treated substrate. 

15. The treatment method in accordance with claim 
14, wherein the liquid soluble with the treatment liquid 

5 is liquid containing a material having a hydrophilic base 
and a hydrophobic base without the molecule of itself 
and is at least one compound selected from compounds 
soluble in the water. 

16. The treatment method in accordance with claim 
10 14, wherein the substrate is an Si base plate, for manu- 
facturing semiconductor elements, having fine uneven- 
ness on the surfaces. 

17. The treatment method in accordance with claim 
14, further comprising the step of moving the substrate 

15 by mechanical means while the substrate is contacted 
with the treatment liquid. 
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Detailed Description Text - DETX (5) : 

On the other hand, the etching liquid 2 of SiO.sub.2 
including fluoric acid 

and water having a mixing ratio of 1:200 as treatment 
liquid of the Si wafer 5, 

and the isopropanol having surface tension of 22.9 dyne/cm 
as liquid soluble 

with the etching liquid are put separately into a cell in 
the etchinhg 

apparatus shown in FIG, 1. It is to be noted that the 
isopropanol is normally 

circulated by a bellows pump and filtered by the filter 
(0.1 .mu.m) made of 

fluorine-resin film (not shown) . Pure water 3 having 
specific resistance value 

of 18 M .OMEGA. .mult idot . cm as the rinsing water is 
overflowed from the cell 
top-portion, normally flowing. 



Detailed Description Text - DETX (30) : 

The Si wafer, whose groove depth is etched by 5 .mu.m is 
placed into the 

hanger of FIG. 4, the mixed acid between the fluoric acid 
and nitric acid 

(HF :HN0 . sub . 3 =3:97 (volume ratio), hereinafter referred to 
as mixed acid) as 

treatment liquid is placed into the cell 112. Thereafter, 
the container 111 is 

sealed, the hanger 114 is thrust in so that the Si wafer 



07/08/2003, EAST Version: 1,03.0002 



117 is sunk completely 

into the mixed acid 115. Thereafter, the pressure within 
the container 111 is 

immediately reduced down to 3 0 Torr (15. degree, C. at the 
liquid temperature 

of the mixed acid 115) by the use of the rotary pump 113. 
Thereafter, the 

hanger 114 is vibrated several times from the outside of 
the decompression 

container 117, the valve 116 is opened to introduce the air 
into the container 

111 to restore the pressure to the atmospheric pressure. 
After the lapse of 15 

minutes from the dipping of the Si wafer 117 in the mixed 
acid 115 it is 

removed from the hanger 114 with a pincette. Immediately 
the Si wafer is 

washed with a large amount of superpure water having 
specific resistance value 

of 18 M .OMEGA. .mult idot . cm, and, thereafter, is spin-dried 
at 5 000 rpm. The 

etching is performed in the same manner even about the 
other Si wafers each 

being different in the groove depth. According to the 
observation of the Si 

wafer by the SEM, the side wall of the groove is uniformly 
etched with mixed 

acid to extend the groove width even in any pattern 
different in the groove 

width and the groove depth as shown in FIG. 6, with the 
groove bottom portion 

being changed to have such round shape from the V- shape 
like in FIG. 6 . The 

mixed acid which is the wet etching treatment liquid of the 
Si wafer is 

penetrated into the entire groove so that the uniform 
treatment can be 

performed. Also, although many grooves are observed in the 
same manner across 

the entire Si wafer faces, the result is completely the . 
same . Also, although 

the similar experiments are performed respectively at 50, 

70, 100, 150 Torr, 

the results are the same. 



Detailed Description Text - DETX (62) : 

The Si wafer, whose groove depth is etched by 5 .mu.m is 
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placed into the 

hanger of FIG, 4, the mixed acid between the fluoric acid 
and the nitric acid 

(HF:HN0.sub.3) in a mixing volume ratio of 3 to 97 
(hereinafter referred to as 

a mixed acid) as treatment liquid is placed into the cell 
112. Thereafter, the 

container 111 is sealed, the pressure within the container 
111 is reduced to 30 

Torr at 15. degree. C. of the liquid temperature of the 
mixed acid 115 by the 

use of the rotary pump 113 . Then, the hanger 114 is thrust 
in so that the Si 

wafer 117 is sunk completely into the mixed acid 115 . 
Thereafter, the valve 

116 is opened to introduce the air into the container 111 
to restore the 

pressure to the atmospheric pressure. After the lapse of 
15 minutes from the 

dipping of the Si wafer 117 in the mixed acid 115, the Si 
wafer 117 is lifted 

from the mixed acid 115 to take it out from the hanger 114 
with a pincette. 

Immediately, the Si wafer is washed with a large amount of 
super-pure water 

having specific resistance value of 18 

M. OMEGA. .mult idot .cm, and thereafter, is 

spin-dried at 5000 rpm. The etching is performed in the 

same manner even about 

the other Si wafers each being different in the groove 
depth. 
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